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CROSSINGS IN MELANIUM-VIOLETS 


BY KARL B. KRISTOFFERSON 
LUND 





z... many years ago I became interested in the great varia- 
tion of our wild Melanium violets, viz. Viola tricolor L. and 
V. arvensis Murr. In 1912 I begun my genetical investigations in 
these species and collected a number of different types, partly inland- 
forms from the neighbourhood of Lund and partly coast-forms from 
the shores of the Sound and the Baltic. The plants were planted in 
flower-pots. Selfed seeds were taken from each plant and several 
crosses were also made. Next year the seeds germinated very well, and 
I obtained about 50 pure lines and the F,-generation of the 
crossings. This year the F,-generation of one cross was also 
obtained; in some years it is possible to grow 2 generations. In 
1914 the seed also germinated very well, and a large number of 
isolations and several new crosses were made. Unfortunately I got ill 
in the autumn and therefore only a part of the seeds could be har- 
vested. From 1915 the troubles begun; only a few of the lines ger- 
minated this year and therefore my cultures become very small; I 
made a number of new crosses, however. The same happened the 
following year. In 1917 I obtained some F;- and F:.-generations and 
also some pure lines. On travels the greater part of that summer I 
could not make any isolations. As most of the plants wintered in 
good condition they were made in the following summer, and a 
large number of seeds of the F,-plants and of the pure lines was 
harvested. In 1919 not a single seed germinated though some thou- 
sands were sowed. Next year some selfings and crossings with un- 
controlled plants from my experimental field were made, but the 
seed would not germinate. The experiments were then discontinued. 

The probable cause of the poor germination in the last years is 
not easily found. Possibly it depends on too warm storing during 
winter. I made some germination-experiments with seeds from 
V. arvensis last summer. As far as could be judged from these pre- 
liminary trials the seed germinated best when sowed immediately 
upon their harvesting. In 1913 and 1914, however, the seeds ger- 
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minated about 90—100 %, although they were stored during 
winter. 

The results obtained are merely preliminary. However, the experi- 
ments deal with species hybrids and some characters hitherto unknown 
from a genetical point of view, and I believe this to be sufficient reason 
for publishing the results. Furthermore, the pure lines obtained are 
now lost, and the taking up of the experiments would therefore 
require quite new material. Besides, I do not see any chance to start 
the experiments again for the fourth time in the immediate future. 


MATERIAL AND METHODS. 


The following forms have been used in these investigations: 

. tricolor L. subsp. genuina Wirtr. f. versicolor Wittr. Line 10. 
. tricolor L. subsp. coniophila Wittr. Line 41. 

. tricolor L. subsp. ammotropha Wittr. Line 40. 

. arvensis Murr. subsp. patens Wittr. f. scanica Wirtr. Lines 
4 and 5. 

. arvensis Murr. subsp. communis WitTtr. Line 2, 13, 26 and 27. 
. arvensis Murr. subsp. curtisepala Wittr. Line 25. 

Of these forms. n:o 1—4 were quite identical with WutTtTrRock’s 
(1897) forms. N:o 6 differed somewhat from Wittrock’s subsp. cur- 
tisepala; the end-lobe of the stipulae was a little shorter and the 
pollen-magazine more closed than in WittTrock’s forms. N:o 5 was an 
intermediate form between V. arvensis communis and V. arvensis 
patens scanica. It was most like the former subsp. in the vegetative 
parts but the pollen-magazine was of the same appearance as_ the 
latter one’s. 

All these forms were collected in Skane. N:o 2, 3 and 6 along 
the coast; the other in the inland. 

The methods afford nothing remarkable. The castration is easily 
made. In V. arvensis it is necessary to castrate in an early stage as 
the anthers burst already in the bud. In V. tricolor one may wait 
till the day before the opening of the flower. The most handy method 
of pollination is to loosen the spur-petal of the male parent care being 
taken not to spill the pollen; it is then brought in contact with the 
stigma of the plant to be crossed. The labellum of the stigma collects 
the pollen, which then falls into the hollowpart of the stigma. Of 
course, every possible precaution was taken; pollen was taken only 
from isolated flowers, and scissors and pincers were carefully steri- 
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lized. The seed of each F,-plant was sowed separately, of course. 
If a cross was made with an individual ‘of a pure line, already mul- 
tiplied, selfed seeds were always taken from the mother plant. 

In the first years the seeds were sown in soil collected in places 
quite free from Viola; later only sterilized soil was used. In no case 
I have found any intermixture or mutation in the pure lines. 

As mentioned in the above the germination of the seed was often 
very poor and the power of germination decreases rapidly when the 
seeds are stored a few years; already the third year it is only ‘a low 
percentage. I have the impression that it is necessary to sow the seed 
immediately upon the harvesting in autumn. The 
germination in sterilized and unsterilized soil is about 
the same, and the time of germination is also about 
the same, or about a forthnight. 


THE CONSTRUCTION OF THE FLOWER 
AND THE POLLINATION. 


Although Wittrock (1897) already has given a 
detailed description of the construction of the flower 
in his book I think it suitable to summarize the most 
important points. 

The biologically most important and morpholo- aie - 
gically the most differentiated of the petals is the tance a—b—the 
spur-petal. At its base, close to the entrance of the width of the label- 
spur, there is a yellow spot, the honey-guide; behind a sone 
it is the pollen-magazine. This is a furrow lined chamber and m 
with fine, one-cellulated hairs. In the posterior part the dark spot on 
it is rather narrow; in the anterior part it widens. a 
In V. tricolor (fig. 2A) it is closed, as a rule; in wii 
V. arvensis (fig. 2C,D) it is more or less open. The style (fig. 1) 
has a pecular construction. Its lower part is thin and knee-shaped; 
in the upper part it becomes thick and head like. On its anterior 
side there is an entrance to the stigmatic chamber. Under this hollow 
an epidermal outgrowth, the labellum (fig. 1a—b) of the stigma, 
is seen. In V. tricolor the inlet to the stigmatic chamber is directed 
down-wards and at the same time somewhat antrorse; in V. arvensis 
it points down-wards and backwards. , 

The stamens are also of a singular construction. The filaments 
are small; the anthers, on the contrary, are large and broad and cling 
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to each other by means of hairs. The stamens standing close to each 
others round the ovary, form a cupola by the membraneous appen- 
dages of the anthers, through which the stigma is pushed out. The 
cupola has an opening between the appendages of stamens. The 
anthers open on the inside, and therefore the pollen will fall in the 
cupola; it then passes through the above mentioned opening between 
the anther-appendages and falls into the pollen-magazine. 

With regard to the fertilization it should be held forth that 
V. tricolor gives no seed by isolation by parchment bags. This de- 
pends partly on the fact that the pollen remains in the magazine, 
which is closed in its anterior part; partly on the fact, that the well 
developed labellum as well as the antrorsely turned inlet to the stig- 
matic chamber lay obstacles in the way of self-pollination. When 


B C D 


Fig. 2. Different types of pollen-magazine. A: closed, B: almost closed, 
C: almost open, D: open. 


pollinated with its own pollen artificially V. tricolor develops seed 
readily. 

In V. arvensis the pollen passes the magazine and comes directly 
to the stigmatic chamber pointing backwards. On account of the 
feeble development of the labellum self-pollination is attained; further 
the anthers of most of the arvensis-forms open already in the bud. 
This explains the fact that crossings in this species are rare in nature 
and that forms of this species generally breed true to type. 

However, the case seems to be the same in V. tricolor to a certain 
extent. Wittrock has found about 20 forms all true-breeding, and I 
had about 10 ftricolor-lines in culture and have not been able to 
detect any segregation in any line. Of course, crosses may occur in 
this species as well as in others but probably they are rather rare. 
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CLAuSEN (1921) records such a segregating line. 
The percentage of spontaneous crossings will 
be very easy to determine by employing the me- 
thod used in my experiments with beans (1921). 

The cause of the great constancy in V. tri- 
color depends probably on the fact that this 
species is pollinated by thrips, which live in 
the flowers, and not by larger insects flying 
from flower to flower. Wirrrockx has found 
that this species is relatively rare visited by 
larger insects; on the other hand, thrips are as 
a rule present in the flower as well as in the 
stigmatic chamber. Already BENNET has stated 
the opinion that the pollination in V. tricolor 
is largely performed by thrips. 

In order to study the behaviour of crosses 
between autogamous and herkogamous types 
of pollination one cross between V. arvensis 
and V. tricolor was studied, viz. 2 < 10. The 
former was autogamous and_ the latter was 
herkogamous, i. g. self-fertile when pollinated 
artificially with its own pollen, although un- 
able, for reasons of construction of the flower, 
to become self-pollinated when isolated with 
parchment bags. 

The reciprocal F,-hybrids resembled each 
other. When isolated they did not give any 
seeds. Thus herkogamy was shown to be a 
dominant character. As to the characters of 
the construction of the flower table 1 sum- 
marizes the results. 

However, the dominance of herkogamy in 
F, is not a rule without any exception. In 
one case, viz. the cross between V. tricolor am- 
motropha (line 40), which is herkogamous, 
and an arvensis-form (line 3), which is auto- 
gamous, the F,-generation becomes autoga- 
mous. The pollen-magazine of line 40 (fig. 
2B), however, is not quite closed, and this 
may be the cause of the autogamy in F;. 
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Growth forms in V. tricolor. 


Fig. 3. 
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TABLE 1. The characters of flower construction in the parent lines 
and in the F,-generation. 








V. tricolor F, V. arvensis 





Pollen-magazine Closed Almost closed} Almost open 





Direction of the entrance to | About inter- 
Antrorse 


the stigmatic chamber mediate samuaeinanen 








Width of the labellum 8,2 4,5 3,5 














The F,-generation of the cross 2 X 10 showed segregation in 
herkogamous and autogamous forms. In order to determine the ratios 
isolations with parchment bags were made; 68 individuals did not 
develop any seed and 28 were autogamous. The variation seemed to 
be quite discontinual. All autogamous plants had the capsules well 
developed with a rather large number of seeds. In the herkogamous 
plants no sign of development of seed was to be seen. 

The ratio between herkogamy and autogamy is rather close to 
the ratio 3:1, viz. 2,804: 1,19. The theoretical ratio is 3: 1-+ 0,1758; 
the number of autogamous plants is thus seen to be somewhat high. 

The deviation from the 3:1 ratio may be explained by the 
disturbing influence of the presence of thrips in the flowers. They 
have sometimes been observed in the isolated flowers. It is possible 
that they: have entered through smal! holes in the parchment bags, or 
there may be eggs on the buds of the flowers. Such isolations have 
of course been rejected. I have also repeated the isolation if only 
the first developed flower was found to develop seeds. In such 
cases the plant was often found to be herkogamous. 

Thus, the deviation from the 3:1 ratio may easily be explained 
by assuming a_ self-pollination by small insects; the monohybrid 
segregation as such is more difficult to understand when the great 
variation of the floral parts is remembered. The herkogamy may be 
due to three characters, viz. the direction of the entrance to the 
stigmatic chamber, the development of the pollen-magazine and 
labellum. ; 

These three characters showed a continuous variation in F,. As 
to the first mentioned it seemed to be a transgressive one. They 
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varied independently so far as I could see. These facts do not speak 
in favour of the supposition of a monohybrid segregation. 

No classification was made of the direction of the stigmatic 
chamber and of the pollen-magazine (open or closed). These charac- 
ters could hardly be measured and an ocular estimation would be too 
uncertain. 

In order to state the variation in size of the labellum its width 
was measured. The shape of the labellum is shown in fig. 1. The 
distance a—b was measured. It was necessary to do the measure- 
ments with the aid of the microscope. Great difficulties were met 
with in the efforts made to adjust the labellum in a perfect profile 
position. There were some additional difficulties to overcome. The 
stigma was sometimes more or less eaten by insects; further it was 
often difficult to rid the stigma from adherent pollen. Therefore, I 
could only determine the-means of 66 individuals; 5—15 flowers were 
measured on each plant. | 

The means of the breadth of the labellum was 3,5 scale divisions in 
V. arvensis, 8,2 in V. tricolor and 4,5 in F,. In a previous paper (1916) 
I have stated the breadth in */,. m. m. This statement is not 
correct — the labellum is much broader — and depends on an er- 
roneous calculation of the magnification. In this paper the breadth 
is stated in divisions of an ocular scale and therefore only the relative 
variation in size is shown. However, only this one is of real interest here. 


TABLE 2. The variation of the breadth of the labellum in F:. 





Class limits in scale divisions 
Breadth of labellum 4 5 6 3 8 9 























| Number of individuals 13 | 20 | 16 1 | 
| | 





It is doubtful whether or not the segregation is transgressive. 
The modification amplitude is +: 1 scale division in the arvensis-form 
and a little higher in the tricolor-form. Thus, the variation may very 
well keep within the limits of the parents. Further, the table shows that 
most of the F,-individuals group themselves around the mean of 
V. arvensis. This may depend on the presence of an inhibiting factor 
in V. arvensis, which I will try to show later. Whether this segrega- 
tion is monohybrid is not easy to say. 

An adequate statement of this seemingly monohybrid segregation 


of herkogamy and autogamy is not easy to give. 
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We assume: 

A to be the factor for closed pollen-magazine, 

Bo» » > » antrorse stigmatic chamber, 

C>» » » > » small labellum (the small labellum was 
dominating, as shown in tables 1 and 2). 

If the assumed factors A and B are called factors for herkogamy 
and the factor C the factor for autogamy it is not impossible that 
the autogamy-factor changes the effect of one of the factors for 
herkogamy, and the plant (formulae AbC or aBC) becomes autoga- 
mous. When both these herkogamy-factors and the C-factor are 
present (ABC) the plant becomes herkogamous. This may be the 
case in F;. If only one of the factors for herkogamy is present and 
the C-factor is absent (Abc or aBc) the plant would also become 
herkogamous. 

The segregation would be: 27 ABC:9°ABc:3 Abc:3 aBc, all 
herkogamous and 9 AbC:9 aBC:3 abC:1 abc, all autogamous. 
Thus, the ratio becomes 42 herkogamous:22 autogamous. The 
theoretical numbers in the above mentioned F.-generation would be 
about 64 herkogamous and 33 autogamous plants. The observed 
numbers were resp. 68 and 29. If the segregation was a monohybrid 
the theoretical numbers would be 73: 24. 

I do not think that this statement is quite correct; it is presented 
only to show how this segregation, which beyond doubts is polyhybrid 
might give impression of a monohybrid. In Viola the case may pro- 
bably be still more complicated. The number of individuals, however, 
is too small to make possible a complete genetical analysis of this 
segregation. The measurements in addition are very difficult to make, 
and so it will become a very tedious work to investigate a larger 
numbers of individuals in F,. It may further be necessary to in- 
vestigate the F;-generation. 

An interesting fact was the appearance in F, of three plants 
which — probably on account of the construction of their flowers — 
were almost excluded from pollination even if insects were allowed to 
visit the flowers. : 

Table 3 shows the number of seeds in each capsule of the in- 
dividuals of the parent lines and of F,. The number of seeds is a 
little greater in the arvensis-line (2) than in the tricolor-line (10). The 
variation, on the contrary, was larger in the latter. This depends 
very likely on the fact that this latter line was herkogamous. The 
arvensis-line (2), being autogamous, secured automatically a rich 
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pollination. The small number of seeds in F,; was at least partly 
due to the weakness of the F,-plants at the time they were investigated. 








TABLE 3. The number of seeds in the parent lines and in F,. 














| Line | Number of seeds in each capsule | Mean 

| 10 20 30 40 50 60 70 

| 10 | 1 | 3 9 | 8 | 12 | 10 | 6 | 2 | 42,8 

| F, J} | 7 9/2] 3] 1[-|—| 
Saas nooones 





Table 4 shows how small the number of seeds was in each cap- 
sule of these »sterile» plants. Some of the capsules had no seeds 
at all and other only very few. A flower of one plant (N:o °/;) had 
by chance become richly pollinated and therefore developed a normal 
number of seeds, viz. 69. This capsule was not included in the cal- 
culation of the mean of this plant. 

An investigation of the fertility of these plants by the way of 
crossing and germination-experiments with the pollen was also made. 
When crossed the development of the seeds proved to be a normal. 

In the germination-experiments with pollen an 1 % agar solution 
to which 25—30 % glucose had been added was used. In this excep- 
tionally high concentration a time of about 24 hours was required to 
bring about the complete development of the pollen. The pollen of 
these plants had a germination-power of about 95 %, and this was 
also the case in all my pure lines of V. tricolor and V. arvensis as 
well as in F, and F, of crosses between these species. 

The eventuality remains, however, that these plants were allo- 
gamous. I pollinated several flowers with their own pollen, but was 
forced to break of the investigation before the capsules were quite 
developed. In plant N:o °/, the ovary had begun to swell indicating 
fertilization. The fact that it has been possible to fertilize all violets 
of the section Melanium here investigated with their own pollen also 
argues against the assumption of allogamy. I have cultivated about 
60 lines belonging to different species, and each and all of them 
could be self-fertilized. The same was the case with 15 pansy-plants. 
(The pansies are, as is well known, descendants of hybrids between 


Melanium-violets ). 
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TABLE 4. The number of seeds in the partially sterile plants. 








Numb f : | Number 
Number of umber of seeds in each capsule | of capenies Breadth of 


plants 2 4 6 8 10 12 14 16 18 with 6 clade labellum 








ty 9 











| 2 Ducat 
10/4 ‘ 14 























5/5 j | | | 39 








The probable cause of this singular sterility may be the direction 
of the inlet to the stigmatic chamber; it is antrorse and turned 
upwards instead of downwards, and a little backwards. 

The difference in the number of seeds in these »sterile» plants 
and the normal ones is important; the latter yield more than twenty 
times as many seeds as the former. The difference as to the power of 
reproduction may be still greater, however. Capsules with a very small 
number of seeds did not open at all. They remained, as a rule, un- 
opened on the plant until it withered and the seeds become spoiled. This 
singular sterility is evidently a selective factor of great importance as 
these forms probably very soon break down in struggle for life. 


THE COLOUR OF THE PETALS. 


Three types of flower colour in V. tricolor have been in culture. 
In line 10 — belonging to V. tricolor genuina versicolor — the corolla 
was violet all through when fully developed. The just opened flower 
had only the two upper petals violet; the three lower were light 
yellow. The flowers were much. less coloured in the middle of the 
summer than in spring or autumn. Most flowers had at that time 
about the same colour as the flowers just opening in spring. Some- 
times, however, the lower petals get a violet margin. 

Line 41 belongs to V. tricolor coniophila. Its corolla is of a 
pure blue colour. Line 40 belongs to V. tricolor ammotropha and has 
the corolla red (red violet) coloured. The modification in these types 
is about the same as in line 10. 

All the lines of V. arvensis had the corolla yellow coloured. In 
spring or autumn it is rather highly coloured; in the height of summer 
it is light yellow or almost white. 
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The violet, blue and red colour is due to anthocyan. Wirrrock 
(1897) holds that this changing of the colour depends on differences 
in the temperature, and this may be the case. I found by warming 
up a solution of the violet flower colour that it became pale and 
almost colourless. 

The light yellow colour of V. arvensis is due to anthochlor in the 
cell-sap. When concentrated sulphur acid is added it becomes of a 
high yellow colour; it is thus shown to be different from the antho- 
chlor of Antirrhinum and Linaria which becomes brown-coloured. 


TABLE 5. The colour of the parent-lines and F,. 











Colour of the upper | Colour of the three lower | 
petals | petals 


| 


Number of | oveten 
the line | P 








40 





Red | Red 





10 V. tricolor | Dark violet | Light violet 
| 


41 Pure blue Pure blue 





2, 3 and 25 V. arvensis Light yellow Light yellow 





| 
| Red violet 
| 
| 
| 














Blue violet | Blue violet 








Violet | Light violet 








Light yellow with 


Light violet bluish margin 





Light yellow with h 


Se sien bluish margin 





Blue Blue 





Light red Light yellow 





Light blue Light yellow 





Light blue | Light yellow 








Light red Light yellow 
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A colour-character common to all my lines is the colour of the 
honey-guide. It was bright yellow and the colour was not modified 
in so high a degree as the other colours. Its size, however, varied 
with the season, it was much larger in spring and autumn than in 
summer. This yellow colour is localized to the chromatophors, which 
became blue-coloured when sulphuric acid was added. Thus, it was 
due to carotin. , 

Table 5 shows the colour of the parent-lines and the hybrids 
between V. tricolor and V. arvensis. The colour was determined in 
the spring. The hybrids between different lines of V. arvensis were of the 
same yellow colour as the parents. 

The F,-generations of these crossings were uniform and the reci- 
procal crosses gave the same results. As shown in the table, the 
heterozygotism of the colour factors in the hybrids between V. tricolor 
and V. arvensis appears in the fainter colour of the hybrids; in spring 
and autumn the lower petals of the flowers were not quite coloured, 
in the height of summer these petals were of the same yellow colour as 
in this latter species. For the rest, the seasonal modification was. 
the same as in V. tricolor. 

Only the F.-generation of the crosses 10 2, 3X10 and 
10 K 25 was obtained. The latter two were very small, however. 

The cross 10 X 2 shows a segregation in violet, blue, red and 
light yellow types. Types with the whole of the spur-petal dark 
yellow appeared further. The (probable) heterozygotes were easy to 
distinguish from the homozygotes on account of their fainter colour 
and the incomplete colouration of the three lower petals. 

As is seen in table 6 the segregation corresponded to the ratio 
9:3:3:1. Thus the blue colour would be due to a factor B and the 
red to another factor R. When both B and R are present the colour 
becomes violet; when both are absent it becomes light yellow. 

The deviation from the theoretical value is a little too high in 
the group of the red ones and the light-yellow ones. This depends 
no doubt on the great seasonal modification of the colour of the 
corolla, especially the red one. If a plant, which is heterozygote in 
the colour-factors, does not begin to flower before the height of sum- 
mer and dies away before the autumn it will probably be noted as 
light yellow. Especially the red colour seemed to be modified in a 
very high degree. In the hybrids between the red V. tricolor ammo- 
tropha and V. arvensis the red colour is not at all to be seen in the height 
of summer. Now and then the red colour of the homozygotes is 
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also difficult to see in the height of summer. It has therefore been 
necessary to make notes about the flower-colour several times in 
the summer. 


TABLE 6. The segregation of the flower-colour in F, of the 
cross 2 X 10. 











Light 


Colour of the petals Violet 
yellow 





Observed number 





Observed pro 16 








Theoretical ratio............ 





Deviation (D) ............... 














The F.-generation of the other crosses, viz. 3 >< 10 and 25 X 10 
gave the same results as the cross 2X 10. The number of individuals 
being very small and notices made only in the height of summer I 
deem it useless to report the ratios. 


TABLE 7. The inheritance of the length of the honey-guide. 








The length of the honey-guide 
2,5 3,0 3,5 40 4,5 5,0 5,5 6,0 


Line Mean 











- | = 
| | 
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F, | 43 














1/1 
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| 
| 
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As mentioned in the above a type with the whole spur-petal of 
a dark-yellow colour (the same as that of the honey-guide) appears 
in F,. It is also here due to carotin, localized in the chromatophors. 
It is therefore close at hand to suppose that the extent of the honey- 
guide of the parents is, at least partly, due to different factors; in F, 
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a combination occurred resulting in a spreading out of the honey-guide 
on the whole of the spur-petal. 

Table 7 shows the length of the honey-guide in the parent-lines, 
F, and F,. Unfortunately I could only make measurements on one 
single F,-plant; the others had died out. 5 flowers were measured 
on each individual of the parents and of F.. The last developed 
flower was measured on each of the large branches. These were 5, 
as a rule. 


TABLE 8. The variation of the index of the length of the spur-petal: 
the length of the honey-guide in the parents and the F,- 
and F,-generations. 






































| | @ [1 | 2 | 10 | 28 


| ae | 

| Index of the length of the spur-petal: the length of the | 

Line | honey-guide Mean | 
1,25 1,50 1,75 2,00 2,25 2,50 2,75 3,00 3,25 3,50 | 

10 —|-|/-)-] 4] s/s] 5] o/ 4) - 26 | 
| { } | | | | 

l l l l 

i fs —|-|-) 8 | 18s u}—{-|-|- 233 | 
; l | l oat | i =} 
le | _ | a | —|— | 1 | — | a | —/|— 2,48 | 








Table 8 shows the index of the length of the spur-petal to the 
length of the honey-guide. The length of the spur-petal and the 
honey-guide were measured at the same time, of course; probably 
it would have been more correct to measure the area of the spur- 
petal and the honey-guide, but these measurements are too tedious. 

The number of the individuals with a dark-yellow coloured spur- 
petal throughout is 8. Their index is evidently 1. In table 7 they 
correspond to the individuals in the classes 5—7,)5. 

If the number of the plants with quite dark-yellow spur-petals 
are counted, the values of 8 dark-yellow and 138 light-yellow are 
obtained. The ratio pro 16 is 0,877: 15,123. The observed ratio lies 
within the limits of the ratio for a dihybrid segregation. 

This ratio indicates a dihybrid segregation. The appearance of 
the dark-yellow spur-petals in F, may be explained by the assump- 
tion of one factor in V. tricolor and another in V. arvensis, which 
both have an inhibiting effect on the development of the honey- 
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guide. When both these factors are absent the whole of the spur- 
petal becomes dark-yellow. I think it necessary, however, to make 
additional investigations. 

In the crossings 3X10 and 10X25 plants are also found 
with dark-yellow spur-petals. Of the first mentioned crossing 7 
were dark-yellow and 45 light-yellow, viz. the ratio 1: 6,3. Here 
the deviation is greater than the probable error of the dihybrid ratio. 
In the latter cross 3 individuals had a dark-yellow spur-petal of 35 
in all. Thus, the ratio 1: 10,3, which lies within the statistically 
allowed range. 

One plant in the F,-generation had the violet colour confined to 
the end of the upper petals. It looked quite like Wittrock’s maculata 
forms. Its genetics, however, was not investigated as it very 
soon died. 

I have grown the F,-generation of three crosses between different 
varieties of V. arvensis, viz. 2 4, 2 X13 and 26 X 27. All these 
lines were »typical» V. arvensis. The F,-generation of the cross 2 < 4, 
as well as the F,., numbering 188 individuals, were all of the same 
yellow colour as the parents. The same was the case with the cross 
2 X'13 whose F, counted about 50 plants and 26 * 27 with 439 F,- 
individuals. Thus, no synthesis of anthocyan had taken place. 

Besides these crosses I have grown the F, of several other crosses. 
In no case a synthesis of anthocyan was observed. 


THE INHERITANCE OF THE GREEN SPOT OF THE STYLE. 


Two of my tricolor-lines had a green spot on the anterior part 
of the style. When crossed with types devoid of the dark spot this 
character was found to be dominant. This was the case in 8 F;\- 
generations of crosses between types with and without the spot. 

I have investigated two F.-generations as to the inheritance of 
this character. In F, of the cross 2 < 10 I found 130 individuals with 
the spot and 40 without. This gives the observed ratio 2,938 : 1,062; 
the theoretical is 3: 1 -- 0,109. Thus, the agreement is good. 

In the other cross (3 X 10) 38 plants with dark spots were ob- 
tained and 7 without. The observed ratio 2,393: 1,607 did not agree 
very well with the theoretical; the deviation is a little more than 
twice the probable error. The number of individuals, however, was 
rather small and therefore this deviation may be less significant. 

In crosses between types lacking the spot on the style I never 
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got F,-plants with this character; nor did I notice this character in 
the F.-generations of these crosses. 

The genetical behaviour of the character spot indicates that it is 
due to only one Mendelian factor, S. 

The colour of the spot is very modifiable to the season, just as 
was the case with the flower-colour. In spring and autumn it is 
dark and very easy to see; in the height of summer it is often invisible. 


CHLOROPHYLL-VARIATIONS. 


The pure lines of Viola had a rather different colour as regards 
the chlorophyll. Line 2, for example, was rather light green; line 10 was 
considerably darker. The F;-generation resembled line 10 in this cha- 
racter. F., showed a continual variation between the limits of the parent- 
lines, and was also a little transgressive. Plants were noted that 
were darker than line 10 and lighter than line 2. However, 
no attempts were made to classify the material in groups of different 
shades of colour. Such a classification becomes rather uncertain and 
is rather troublesome to do. The variation is certainly due to several 
genetical factors. 

I have also investigated the genetics of another type of chloro- 
phyll-variation in Viola, viz. a white spotting of the leaves. 

The genetics of the white spotting of leaves show two distinct 
types — I leave out of consideration the non-hereditary infectious 
chlorose in Malva (Baur 1906) and other species, and also the albo- 
variegata and albo-marginata forms. 

In the first type it is very probable that the disposition to the 
albomaculata-character is localized to other parts of the germ cells 
than the nucleus. In Mirabilis (Correns 1909) and several other 
species the descendants of a selfed albomaculata become normal green, 
albomaculata and white in various ratios. When crossed with a nor- 
mal green type as male parent the F,- and F.-generations show the 
same behaviour as the female parent, when selfed. If the normal 
green is used as female parent in the crossings the descendants in F, 
and later generations become all normal green. WinceE (1919) has 
investigated the genetics of an albomaculata in Humulus Japonicus. 
This form breeds true. When crossed with normal green as male parent 
all descendants in F, and F, became albomaculata; was the normal 
green used as female parent they became green. In Capsicum (IKENO 
1917 a and b) the F,-generation becomes albomaculata whether the 





CROSSINGS IN MELANIUM-VIOLETS 267 





albomaculata type is male or female parent. In F, and later genera- 
tions this character did not show any segregation; all descendants 
were albomaculata. Thus, the genetical behaviour of these types is 
rather different; common to all of them is that their mode of inheri- 
tance does not follow the Mendelian laws. 

The other type, on the contrary, may have the disposition to the 
albomaculata-character localized to the nucleus and probably to the 
chromosomes. They show Mendelian segregation, when crossed with 
normal green forms, with dominance to normal green in F;. To this 
group belongs the albomaculata in Vitis (Rasmuson. 1916), Tropwolum, 
Ipomea and other species (Correns 1919 and 1920), Barbarea 
(DAHLGREN 1921) and the albomaculata in Viola, here recorded. 

I have grown the albomaculata form in Viola from seeds obtained 
from a herbarium, collected in Gotland 1912. In 1913 I had 3 plants 
in culture, all albomaculata. One of these plants was selfed and used 
for crossings. The selfed descendants were all maculated and have 
bred true during the five years they have been in culture. The des- 
cendants, however, are white-maculated in a very different degree. In 
some plants the white spots were to be seen already on the cotyledons 
as small white streaks. Others lacked the white spots when young; 
these spots were only seen when the plants begun to flower. 

When a _ white-spotted leaf was anatomically investigated the 
origin of the white spots was found to start with the dying away of 
solitary or groups of pallisade cells. The adjacent pallisade cells 
turn over and press the dead ones more or less together. The de- 
struction process proceeds and often it results in the pushing away 
of the dead tissue together with the epidermis. By this means the 
leaf often gets an asymmetrical appearance. Very often so large a part 
of the leaf dies away that only the middle veins remain. So far as I 
have observed only the leaves are white-spotted. I never noticed 
any white spots on the main axis or on the leaf-stalks. When the 
leaves on the top of the branches and near the growing point are 
strongly white-spotted they will often die and fall away. 

The albomaculata-character gave the impression of being a sort 
of disease not only because of the falling away of the white-spotted 
parts of the leaves but also on account of the increasing of the white 
spots with the increasing age of the plants. 

In order to investigate the genetics of the albomaculata-form I 
crossed it with a normal green V. arvensis. 

The F,-generation showed dominance for normal green. The 

Hereditas IV. 18 
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reciprocal crosses — about 20 individuals — were of the same 
shape. 

In F, a segregation appeared in plants with normal green leaves 
and in plants with white-spotted. The latter ones were white-spotted 
in a very different degree; some petals were almost pure green and 
other were strongly white-spotted just as in the case of selfed albo- 
maculata. 

From the cross between normal green and albomaculata 209 nor- 
mal green and 65 white-spotted were obtained in F:; thus the ratio 
3,2: 1 or pro 4, 3,051 : 0,949. The theoretical value is 3: 1 +- 0,104. The 
observed value lies thus within the limits of the theoretical. 

In the reciprocal cross, where consequently the albomaculata- 
form was the female parent, 153 normal green and only 12 albo- 
maculata were obtained. The observed ratio was 12,75: 1 or pro 4, 
3,709 : 0,291. The theoretical ratio is 3: 1 --0,1356. The deviation was 
more than thrice its standard error; thus it exceeds the statistically 
allowed range for a monohybrid segregation. The observed ratio pro 
16 is 14,8364: 1,163. Here the deviation is less than the standard 
error. 

Thus, it appears as would one of the reciprocal crosses give a 
monohybrid segregation and the other a dihybrid one. Of course, 
these different segregations may be explained by the assumption of 
different Mendelian factors in the germ cells of the green parent. If 
this plant had one factor for normal green in the female germ cells 
and two factors in the male germ cells, the albomaculata-form being 
recessive in both, the segregation would correspond to the observed 
one. The explanation of the matter is much more simple, however. 
The F,-generation of the cross normal green X albomaculata was. 
grown on the experimental field together with the other cultures. As 
it was not sufficiently large I was obliged to plant the reciprocal cross 
on a plot a little way off. As I was out travelling a great part of the 
summer 1917 when F, was grown and therefore unable to look over 
the work on the field, this plot was forgotten at the weeding of the 
experimental field. When I returned I found this culture quite over- 
grown of weeds. About half of the plants had died. It is obvious 
that the white-spotted ones, being much weaker than the normal 
green, would first become eliminated. 

Thus the difference between normal green and white-spotting 
would be due to one single factor A. When this factor is present 
the plant becomes green; when absent it becomes white-spotted. The 
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F;-generation would have shown the validity of this assumption but 
the seeds did not germinate. 

Rasmuson (1916) accounts of a monohybrid segregation in Vitis 
with regard to the albomaculata-character. Correns (1920) found the 
same case in Ipomea and Tropewolum. Dan Gren (1921) recorded a 
differing mode of inheritance in Barbarea. When crossed with normal 
green the /;-generation becomes green. F., showed dihybrid segrega- 
tion in most families, though the number of the white-spotted plants 
was too high. Two F.-families, however, showed a monohybrid segre- 
gation. DAHLGREN presumes that this monohybrid segregation would 
be due to the fertilization by pollen grains, which had mutated, 
and which therefore were carrier of only one Mendelian factor for 
normal green. However, he has not grown the F;-generation and the 
15:1 ratio may therefore be uncertain, especially as the plants were 
standing very close together. It seems very probable that a selection 
of the albomaculata-forms might have taken place. 


THE SIZE OF THE PETALS. 


My pure lines of wild Melanium violets represented two different 
types as to the size of the corolla. The lines of V. tricolor and one 


of the lines of V. arvensis had relatively large petals; in most of the 
other lines of V. arvensis they were considerably smaller, as is seen 
in table 9. 

The seasonal modification is very great. In spring and autumn 
the corolla of the first mentioned type was rather large; in the height 
of summer it was diminished to about */, of the size of the spring- 
flower. The second type, the one most commonly found in V. ar- 
vensis, became so small-flowering in the height of summer that the 
petals scarcely covered the stamens and the pistil in the bud. 

The difference in soil does not influence the size of corolla in so 
high a degree, as Wirrrock (1897) states. So’ far as I could see the 
size of the corolla was not influenced in a visible degree when a plant 
was transferred from a sandy locality to fertile manured soil. I 
made no measurements, however. ‘The number of flowers on the 
plant, on the contrary, became much larger. The leaves, stipulae 
and on the whole the vegetative parts became much stronger deve- 
loped by such a transferring. = 

This behaviour of the petals, viz. the small influence, of unequalities 
in the soil upon their size, would make the Melanium violets to an exel- 
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lent object for the study of quantitative characters. Irregularities due 
to the seasonal modification are as easy to avoid — for instance by 
making all measurements during the same season as the modifi- 
cations due to differences in the soil are difficult to avoid. However, 
Viola has other characters that are rather unpleasant. The germina- 
tion of the seeds is very capricious, a fact to which I often have called 
attention. Further, V. tricolor is herkogamous, as well as F, and part 
of F, of the crosses with this species, and therefore it is necessary to 
pollinate artificially. The sudden bursting of the capsules is another 
unpleasant character. It may be rather difficult to follow the ripening 
of the capsules. This is especially the case in warm and dry weather. 

I have made use of the length of the petals as a standard of the 
size of the corolla. The breadth varies, at least in some degree, in- 
dependent of the length, but I had no time to measure this character. 
By the measurements I have made use of an apparatus similar to 
that used by JoHaNNsEN (1913) in his work on beans. The scale and 
figures were engraved on a thick plate of glass in such a manner that it 
was possible to lay the scale directly upon the petals. The length of the 
long sides of the triangle was 10 times longer than the short one and 
therefore the length of the petals was easy to read off. With this 
apparatus it was possible to measure with a correctness of 
about 0,1 mm. 

In order to determine the means of the length of the petals I have 
measured 20—30 plants of the parent-lines and F,. All fully developed 
flowers were measured on each plant. The measurements are put 
together in table 9. 





TABLE 9. The length of the petals in the parent-lines and F,. 
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The lines 10 and 40 belong to V. tricolor, and the lines 2, 3 and 
25 to V. arvensis. 

As is to be seen in table 9 the dominant influence of the small- 
flowering forms of V. arvensis is very striking. The bastards between 
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the large flowering forms of V. tricolor (lines 10 and 40) and V. ar- 
vensis (line 25) with the small flowering types of V. arvensis (lines 3 
and 4) have petals of about the same length as the latter ones. I 
have also made hybrids between these and another species of Mela- 
nium violae viz. V. Munbyana, the flowers of which are of the size 
of a middle sized pansy. The petals of the hybrid were not much 
larger than those of the small flowering forms of V. arvensis. 

Quite contrary to .this is the behaviour of a large flowering type 
of V. tricolor or V. arvensis crossed with another large flowering form. 
In this case the bastard has at least as large flowers as the largest 
parent. The same was the case when these types were crossed with 
V. Munbyana. The flowers of these hybrids were at least as large as 
those of the latter species. 

The behaviour of Viola is evidently quite analogous to that of 
Oenothera. HeErtwert-Nivsson (1912) crossed O. Lamarckiana with 
O. biennis and found that the small flowers of O. biennis were do- 
minant to the larger flowers of O. Lamarckiana. O. gigas has larger 
flowers than O. Lamarckiana and its size of flowers is dominant to 
that of the latter species. 

The size of the flowers in F, was only investigated in the 
case of cross 2X10. In order to obtain the means of the 
F, 5 flowers were measured on each plant. The uppermost 
flower of the main axis which often is larger than the other and the 
flowers on the small side branches, which often are rather small, were 
not measured; only the uppermost, fully developed flowers on the 
large basal branches were used for determining the mean. The reason 
why only these flowers were used lies in the fact that the number 
of these branches is rather constant; the number of the other branches 
varies much and so is also the case with the number of their flowers. 
It would have been better, of course, to measure all the flowers on 
the plant but this would mean too much work; many of the plants 
had about 50—60 flowers. I think, however, that the means obtained 
in the above-mentioned manner give a good and exact standard of the 
size of the flowers; it is the relative variation that is of interest, not 
the absolute. 

The tables 10 and 11 show the variation of the length of the 
petals in the parent-lines and of the F,. The classification is made 
with the mean of line 10 as starting-point and with 0,6 mm. between 
the classes for the spur-petal and 0,8 for the upper petals. 
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TABLE 10. The length of the spur-petal in cross 2 X 10. 
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TABLE 11. The length of the upper petals in cross 2 X 10. 
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The variation runs in a continued series between the limits of 
the parents. Probably it is also transgressive although the number 
of individuals is a little too small for definite establishing of the be- 
haviour in this case. oe 

The arrangement of the elements of the series is rather skew. 
Most of the individuals had a length of the petals approaching that of 
V. arvensis; only a few of: them had a size of about the same as 
V. tricolor. It is less evident with regard to the spur-petal of the 
F,-generation which depends on the rather inconsiderable differences 
in the length of the spur-petals of the parents. It is more pronounced in 
the case of the upper petals. The mean of F, lies much nearer the mean 
of V. arvensis. than that of V. tricolor, as is seen in table 11. As the 
number of individuals is small I think it useless to give the values 
of the skewness; they would be too uncertain. 

The dominance in F, and, partly, the skewness of the variation 
in F, would be explained by the assumption of an inhibiting factor 
for the length of the petals in V. arvensis. This factor shows (pro- 


bably) complete dominance, and its effect may be much more im- 
portant than that of any positive factors for the size of the 
corolla. 
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Skewness in the variation of the characters of organisms may 
depend on different causes. QuETELET and Pearson state that causes 
resulting in a »tendency to deviation of one side of the mean unequal 
to the tendency to deviation on the other side» should give a skew 
curve. The normal distribution of the variants should thus (biologi- 
cally) be expressed by the development of the binominal formula 


(a+ b)", or (+3)" if a+b=1. The positive and the negative 
deviation from the mean are equal, or about equal, and the causes 
of the deviations (n) in either very numerous (properly co). If a 


and b are very different, for example G+3)" these authors state a 


dissymmetrical arrangement of the variation. However, this is the 
case only for very moderate values for n. If the causes of the varia- 
tion are very numerous (which always may be the case in nature) 
and independent of each other the result becomes a normal frequency 
curve. As stated by Kapreyn (1916) already a value of n= 20 gives 
an almost normal curve. 

KapTEyn. states that skew curves result under the influence of 
factors acting with unequal force on small and large individuals. It 
is very possible that a factor favourable for the growth in size of a 
berry, such as a rain, for example, increases the volume of a berry of 
5 mm. diam. 0,7 mm.*. Another berry of 10 mm. diam. would in- 
crease 6,00 mm.*. The cause of such a different behaviour of these 
berries may depend on the fact that the reactions of the organisms 
probably are much influenced by previous reactions. 

In the cross here treated the nearness of the mean of F, to that 
of V. arvensis may depend on the greater influence of the inhibiting 
factor than that of the positive factors for the size of the corolla, and 
the effect of environmental influences. The effect of these latter factors 
may increase the skewness in such a manner as assumed by Kapreyn, 
The positive factors for the length of the petals, on the contrary, may 
probably influence the size in the opposite direction. 

However, F.-generations must always show a_ skewness on 
account of another cause. Suppose that F,-individuals with a »ge- 
notypical length» of the petals = 6 mm. are realized as phenotypes. 
On account of the modification the length of the petals in these phe- 
notypes would vary between 5 and 7 mm. although their geno- 
typical constitution is the same. Another type has the »genoty- 
pical length» of 11 mm. When realized as phenotypes those plants 
would show a length of 8—14 mm. The frequency curve of the length 
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of the petals in this F.-generation evidently must show a distinct 
skewness. It is my intention, however, to treat this case later. 


CORRELATIONS IN THE FLOWER. 


The dominance of the small-flowering forms of V. arvensis (lines _ 
2 and 4) with regard to the petals and the labellum may be due to 
one or to several inhibiting factors. The variation in F, also argues 
in favour of this presumption as most of the individuals have the 


TABLE 12. The correlation between the upper petals and the 
spur-petal. 
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TABLE 13. The correlation between the upper petals and the 
spur-petal. 
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petals and the labellum of about the same size as the small-flowering 
parent while only a few of them reach the size of the large-flowering 
parent. However, it is also necessary to assume the existence of 
factors with a positive effect. In the large-flowering type the larger 
flowers were dominant to the smaller, as is mentioned above. 

Thus, it seems necessary to assume the existence of inhibiting 
factors for the quantitative characters in the flower. The question 
now becomes pressing if this inhibiting effect is due to diffe- 
rent factors for each character, or if one and the same factor 
exercises its influence in all characters. This is very easy to establish. 
If the small petals and the thin labellum in the F,-generation is due 
to one single factor with a diffuse effect — or to several factors 
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The correlation between the upper petals and the 
The correlation between the spur-petal and the labellum. 
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showing coupling — a correlation between the length of the upper 
petals, the spur-petals, and the labellum must exist in F, and later 
generations. 


Although the number of individuals in F, was almost too small, 
the variation is arranged in correlation tables. Table 12 shows the 
correlation between the upper petals and the spur-petal; tables 14 and 
15 between the petals and the labellum, and table 13 between the upper 
petals and the spur-petal of the same individuals as in table 12. The 
calculation of the coefficient of correlation was made with aid of 
GaLton’s method described in JoHANNSEN’s »Elemente» (1913). 

As seen in tables 12—15 there is a positive correlation between 
the length of the petals and the size of the labellum, and, further, 
between the length of the upper petal and the spur-petal. These facts 
may indicate the existence of only one inhibiting factor or several 
coupled ones. 

The coefficient of the correlation between the upper petals (r = 0,s6 
and 0,71) and the spur-petal is much larger than between the petals 
and the labellum (r=0,55 and 0,12). The reason of this may be 
explained as follows: the upper. petals and the spur-petal have joint 
factors with positive effect while the petals have only the inhibiting 
factor in common with the labellum. 

However, the number of individuals investigated is rather small and. 
the values of the coefficient of correlation are therefore rather uncertain 
— although they are more than trice their standard error. For a 
positive settling of the correlation it would be necessary to investigate 
much larger number of individuals as well as the F;-generation. 
It is possible that the correlation observed only depends on a mere 
chance distribution of the values, on account of the small number of 
individuals; or the value may depend on a correlative modification. 
I had no occasion to make such an investigation. However, I consider 
this correlation — not the values of the coefficient of correlation — 
rather firmly established. It is not probable that the correlations 
presented in tables 12—15 should be the results of a mere chance. 


THE INHERITANCE OF QUANTITATIVE CHARACTERS 
OF THE VEGETATIVE PARTS. 


The inheritance of some vegetative characters has also been in- 
vestigated, most of them only in F;. Table.16 shows the results ob- 
tained. The greater size of the particular organ has always been 
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found to be contrary to the behaviour of the corolla in some of the 
crosses. 

Table 17 shows the variation of the length of the odd calyx-leaf 
in the cross 3X 10. The means of the odd calyx-leaf is about the 
same in the both parent-lines and F;. The variation in F, is trans- 
gressive. Whether a segregation had taken place or not is not yet 
settled; the calyx-leaves being much more modifiable than the petals. 


TABLE 16. The length of some vegetative organs in the parent-lines 
and in F;. 
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TABLE 17. The length of the odd calyx-leaf in the parent-lines 
and the bastards. 
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Another character investigated was the length of the stalk. I 
had two lines of different height of the stalk in culture, viz. N:o 2 
and 13. In other characters they were identical. The average of 
the stalk of line 2 was 26,6 cm., of line 13 11,6. F, was 15,3 cm.; thus, 
it was about intermediate. F, showed a continuous segregation. Most 
plants were intermediate and only a few reached the height of the 
parents. Unfortunately a large number of the plants were destroyed 
and therefore I made no calculations of the variation. Probably the 
segregation was due to several factors. 
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THE INHERITANCE OF THE GROWTH FORM. 


In Melanium violets different growth forms occur. In one type, 
which may be the most common one, it is possible to distinguish main 
axis and about 5—6 large branches proceeding from the basis of 
the axis near the ground and growing straight upwards. To this type, 
schematically drawn in fig. 3°A (p. 255), the lines 2, 10 and 13 belong. 
V. Munbyana, V. splendida and many, perhaps all, pansies belong also 
to this type. Another type (B) has the branches pressed to the ground. 
When the plant is rather young one of the branches is a little thicker 
than the others. This branch corresponds presumably to the main 
axis of the first type. When the plant becomes older it is not pos- 
sible to distinguish this branch from the other branches. The lines 
3, 4 and 5 belong to this latter type. 

Figure 3D shows a type which has the main axis in an errect 
grow-position and the branches in a horizontal. I have grown one 
line (35) of this type. Another type is shown in figure 3E. The 
main axis take up a slanting position; the branches are horizontal 
(line 12). These two pure lines belong both to V. arvensis, and both 
bred true. I have not used them for crossings, however. 

I have only grown the F,.-generation of one cross between diffe- 
rent types of growth forms in V. tricolor and V. arvensis, viz. the lines 
2 and 4, both belonging to V. arvensis. The F,-generation was inter- 
mediate. The main axis was more than half upright, and the 
branches about intermediate between the parents. The appearance of 
F, is to be seen in figure 3 E. 

F, showed a continuous variation. All kinds of transitions between 
the erect branches of line 2 and the prostrate ones of line 4 were 
found. Further, the position of the main axis and the branches varied 
at least relatively independently of each other. Thus, types with an 
erect main axis and prostrate branches were found. Types with 
prostrate main axis and erect branches, however, were not noticed. 
It is therefore possible that coupling was present in some degree. 

The measuring of the angles are rather difficult and therefore 
no values were obtained. Of course, it is possible that some 
plants have been put in a wrong class; especially may this be the 
case with regard to the branches, which were rather difficult to 
classify. The existence of several much ramified branches made the 
estimation of the mean of the angle still more difficult. 

As is to be seen in table 18 the F.-generation is only complete 












280 KARL B. KRISTOFFERSON 





with regard to the position of the main axis. I was not able to make 
a complete classifying of the growth form of the branches, as this called 
for a long time of investigation. On account of the fact that the main 
axis and the branches were not investigated at the same time an ana- 
lysis of a possible coupling between the factors for the position of 
the main axis and the branches could not be made. 


TABLE 18. The growth forms in F:. 
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It is not easy to state anything with regard to the factorial diffe- 
rences between the parent lines. On account of the variation in F,, 
however, I do not think that the differences are very great. 

A few crossings both belonging to the type A were also made, viz. 
2 10 and 2X 13. F, resembled the parents and did not show any 
segregation in F,. The same was the case with crossings with V. 
Munbyana. Thus the erect forms seemed to have the same factor 
complex. 


CROSSINGS WITH V. MUNBYANA. 


V. Munbyana Boiss. & Revut. is a large flowering Melanium violet; 
contrary to V. tricolor and V. arvensis it is a perennial and winters by 
new shoots developed at the end of summer or in the beginning of 
autumn. During the first year the growth form is the same as in 
lines 10 and 2 (type A); then it becomes prostrate. It is much more 
robust during the first year than these forms. The petals are much 
larger than in V. tricolor and crenated in the margin. Their colour 
is violet with an ash-grey tinge. If the anthocyan is extracted. and the 
solution warmed up it does not become colour-less as is the case 
with a solution of the anthocyan of V. tricolor. It is considerably 
discoloured, it is true, but a blue-gray or ash-grey tinge is still seen. 
The pollen-magazine is closed and the labellum well developed. 

I have crossed V. Munbyana with a line of V. tricolor (line 10), 
as well as with lines of V. arvensis (lines 5 and 25). As the hybrids 
between these species and V. Munbyana are nowhere described, so far 
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as I know, I will give a relatively detailed account of the three hy- 
brids made. 
V. Munbyana (line 45) X V. tricolor (line 10). 

The hybrid was very robust in the vegetative parts, and the 
branches obtained a length of up to */, of a metre. However, they 
were not quite as thick as those of V. Munbyana. In autumn the old 
branches died away, just as is the case in this species, and new 
shoots developed in their place; these wintered. The flowers were of 
about the same size as in V. Munbyana although the petals were a 
little more narrow. The colour is also about the same as in this 
species although the ash-grey tinge is a little fainter. The crenation 
was not so distinct. The labellum was large and the pollen-magazine - 
closed. 

V. arvensis (line 5) X V. Munbyana (line 45). 

The arvensis parent was prostrate. The hybrid was half prost- 
rate and had the same growth form as the bastard 2 X 4 (type E) 
in the first year. The bastard was also perennial. It then assumed 
the same growth form as that of V. Munbyana. The hybrid gave the 
impression of being less robust than the first mentioned. The colour 
of the corolla was about the same as that of the hybrid between 
V. tricolor and V. arvensis (10 <2) already treated. Thus, the 
upper petals were violet; the three lower were light yellow or, in 
spring and autumn, light yellow with a violet margin. The arvensis 
parent had very small flowers like the lines 3 and 4. The hybrid 
was very small flowering. The corolla was not more than about 
twice that of line 5. Any crenation of the petals was not to be seen. 
The pollen-magazine of the arvensis form was almost open; that of 
the hybrid a little more closed. 

V. Munbyana (line 45) X V. arvensis (line 25). 


Line 25 was a rather large flowering type with rather broad 
petals. The flowers of the hybrid were large, perhaps not quite as 
long as those of V. Munbyana but proportionally broader. In other 
characters the hybrid resembled the other cross with V. ar- 
vensis (5 X 45). 

The behaviour in F, of the characters already treated in the 
description of the hybrids between V. tricolor and V. arvensis follows 
the course to be expected. Thus, the very small flowers were do- 
minant to the larger ones, in the group of the larger types the very 
large type was dominant to the less large. The violet flower colour 
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is dominant, but the colour factors developed the colour in the three 
lower petals to a limited degree only. The growth form in a cross 
between forms with erect main axis and branches and a prostrate 
type was also in this case about intermediate etc. 

The F:-generation of the cross 45 X 25. 

I have only grown the F,-generation of one of these crosses, 
45 X 25. As I had only about 20 F.-plants, I have not made any 
calculations of the ratios. 

All of the F,-plants were of a different appearance, and they 
showed segregation in all characters, so far as I could see. Probably 
a segregation took also place as to the duration of life. In any case 
about 7/,—’/; of the F.-population died away during the winter. Thus, 
the character of perennialty in Viola is a dominant one, it shows 
probably monohybrid segregation in F:, as is the case in other plants 
investigated with regard to this character. 

The reason of mentioning this F.-generation, in spite of its small 
number of individuals, lies in the fact that it exemplifies a species- 
hybrid showing segregation in F;. 

V. Munbyana seems to be nearly related to the tricolor-group. The 
fertility of the pollen of the primary hybrid is very good. By germi- 
nation in glucose-agar I found a germination-power of 95—100 %. 
The ovules seemed also to be quite fertile. In any case, the fructifica- 
tion was very good. Becker (1910) has put V. Munbyana in the cal- 
carata group. It is possible, however, that other species of this group 
will show the same genetical behaviour to V. tricolor and V. arvensis 
as does V. Munbyana. 


DISCUSSION OF THE RESULTS. 


The systematics of the great mass of phenotypes known as V. 
tricolor L. and V. arvensis Murr. is rather difficult. Liywnxus grouped 
them together in one single species, V. tricolor; the small and yellow 
flowering type was later characterized as a variety of this species (DE 
CANDOLLE 1824). Still later it was broken out and put up as a separate 
species, V. arvensis Murr. As the variation in these species was very 
large an effort was made to divide them in subspecies and lower syste- 
matical units. Wittrock (1897) puts up about 40 well distinguished 
forms. When cultivated they were all found to breed true. They 
fill thus the systematical demands on subspecies. BEcKER (1910) deals 
with about 20 subspecies. 
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WittTrRock’s treatise, how excellent it may be and in spite of the 
fact that it is based upon cultural experiments, has only limited value. 
It is not possible to throw all the types of our wild Melanium violets 
into his sub-species and forms. My line 25, for example, which is 
found on the west shores of Skane is not identical with Wirtrock’s 
V. arvensis curtisepala, which is a coast-form from Gottland. My line 
2, probably one of the most common up-land forms in Skane, is not 
quite the same as his V. arvensis communis, the common up-land form 
in middle Sweden. Many other examples could be mentioned. 

The correctness of the idea of V. arvensis as a distinct species 
is more than doubtful when the variation in F, of a cross between 
V. tricolor and Y. arvensis is considered. As above is pointed out 
most characters investigated showed an independent variation. It is 
true, two »essential species characters», viz. the size of the corolla 
and the development of the labellum are (probably) due to one single 
factor; the other characters segregate probably independently. Further, 
most of these characters showed a continuous variation. The result 
is that continuous series of transitions are found in such a cross. Many 
of the F,-plants will in some characters be »typical» V. arvensis in 
other »typical» V. tricolor, and in other intermediate. Consequently, 
it will not be possible to put them in any of these species. The same 
is the case with types found in nature. Line 25, for example, has the 
species character large flowers developed in about the same degree 
as in »typical» V. tricolor. The flower colour is the same as in V. 
arvensis. The pollen-magazine is about intermediate. V. tricolor am- 
motropha has the colour characters and the size of the corolla of 
V. tricolor; the pollen-magazine is not quite closed. Thus, it is about 
intermediate as to these characters. The same is the case with other 
forms distinguished by Wittrock. On account of this continuous varia- 
tion in nature and in the F,-generation of crosses between V. tricolor 
and V. arvensis I consider it incorrect io divide our wild Melanium 
violets in two species. I think the only right thing to do is to go back 
to the Linnean idea and put all the varying types together in the one 
single species, V. tricolor L. 

RAunkKIAER (1918) has stated the »isoreagents» as the final units 
of systematism. The isoreagents are all those individuals that show 
the same reaction with the external conditions; they are all isophene. 
The isoreagent is thus only a new and rather unnecessary term 
covering the well known fact that individuals exist which are morpho- 
logically quite identical, or isophene (JoHANNSEN, 1913). I deem it 
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therefore more convenient to use the term of JOHANNSEN, viz. isophene. 

The old method of naming the different isophenes with different 
latin names is troublesome even if only a rather small part of the va- 
riation in V. tricolor should be treated. Ciausen has made use of 
‘another method. His denomination is a shortened description of the 
morphological characters of the plants treated. Thus a plant with 
violet flower (v = violaceus), large corolla (gr = grandis), well deve- 
loped labellum (lab = labellum), dark spot on the style (mac = ma- 
culatus) and closed pollen-magazine (cl = clausus) is named v, gr, lab, 
mac, cl. This method has its advantages. It becomes possible to 
name an isophene by a simple counting up of the contracted latin 
names of its characters, instead of beating one’s brain with the inven- 
tion of a multitude of latin names. Further, it would facilitate for the 
biologist the understanding and the looks of a certain plant-associa- 
tion, as well as the segregations for the geneticist. The reader of their 
papers, on the contrary, will find this nomenclature rather trouble- 
some. My line 2, for example, should be named (english contractions): 
yel, sm, unbr, h-sm, h-cl, smlab, bwrd, l-gr, st-sm, hg, er-br, 
er-max. The characters of the line were: light vellow corolla (yel), 
small petals (sm), unbranched honey-streaks (unbr), small honey-guide 
(h-sm), half closed pollen-magazine (h-cl), small labellum (smlab), the 
inlet to the stigmatic chamber directed backwards (bwrd), light-green 
chlorophyll colour (l-gr), small stipules (st-sm), high stature (hg), 
erect branches (er-br), erect main axis (er-max); not to mention other 
characters. When a species is investigated to a very high degree (for 
example as Drosophila) and the isophenes denominated in this manner 
it would be necessary to add a dictionary to the paper for the reader’s 
service. 

The classifying of the isophenes of V. tricolor in systematical units 
of higher orders might also be very difficult. The differences as to 
the morphological characters are many in V. tricolor, and if free com- 
bination occurs the number of isophenes will become very large. 
CLausEN has investigated 6 groups of characters, which gave 192 pos- 
sible combinations. Perhaps some of these characters. being of »less 
systematical value», may be left out; it is possible that other charac- 
ters may be added, however. Such an elimination of characters less 
valuable in systematics is possible, of course, although the question as 
to the value of a character always becomes arbitrary. The inheritance 
of most of the characters here treated — many of which must be used 
in the systematizing of the subspecies or smaller groups — shows a 
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continuous variation in nature as well as in F, whith the exception 
of the colour characters; it is therefore impossible to put the inter- 
mediates in any class. The impossibility of using such characters 
in systematical classification is evident. The possibility of making 
a tolerably useful classification of the Linnean species V. tricolor seems 
therefore an unsolvable task. The systematist may be obliged to confine 
himself to give descriptions, as detailed as possible, of the variation 
in the species. 

All the characters with the exception of the corolla and the deve- 
lopment of the labellum combined freely in F,, so far as I could 
find. If the statements of MorGan and FEpERLEY as to the localiza- 
tion of the genes in the chromosomes are correct coupling might pro- 
bably occur. CLavusen states the very interesting and important fact that 
the number of chromosomes varies in V. tricolor and V. arvensis. He 
found 13 chromosomes in V. tricolor and 15 or 17 in V. arvensis. This 
discovery may be of great importance for the theory of the localiza- 
tion of the factors in the chromosomes. 

The origin of the variation in V. tricolor has to some degree 
occupied the evolutionist. Jorpan (1848) cultivated plants of this 
(and other) species and. found that they bred true. He interpreted 
the results of these experiments as proofs of the fallacy of any evolu- 
tion theory. In his book »Arten und Varietaéten und ihre Entstehung 
durch Mutation» bE Vries (1916) states the »elementary species» of 
V. tricolor as examples of forms originated by mutation. Lorsy has 
presented a theory of evolution by means of hybridization, as is well 
known. In one of his papers (1915) he also mentions the elementary 
species of V. tricolor. Against the assumption of DE Vries as to their 
origin by mutations he thinks that they are products of segregations 
as a result of crossings. The same should be the case in the other 
classical example on elementary species mentioned by DE VRIEs, viz. 
Erophila verna (see Rosen 1911). 

A preliminary note of mine (1914) led Lotsy to make this state- 
ment as to Viola and therefore a few words shall be said as to the 
appearance in F, of types resembling the elementary species of Wirt- 
rock. In the F,-generation of one cross between V. tricolor and V. ar- 
vensis (2 X 10) at least three types appeared which showed such a 
resemblance. Some red flowering plants with almost closed pollen- 
magazine were of the same appearance as V. tricolor ammotropa. A 
light-yellow and large flowering plant resembled V. arvensis curtise- 
pala and another had the maculata-character. In another cross bet- 
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ween these species (3 X 10) a plant was found to be phenotypically 
identical with my line 2. In a cross between two arvensis forms 
(2 X 4) some F.-plants with the same appearance as my pure lines 
12 and 35 were found. However, I could only state the phe- 
notypical identity between these products of segregations and the ty- 
pes living and collected in nature; their true-breeding was not ascer- 
tained. On account of the above studies in Viola I dare say that pro- 
bably the majority of Witrrock’s forms would be found to be present 
in the F,-generation of a cross between certain extremes of his forms, 
for instance V. tricolor genuina versicolor X V. arvensis patens. 

I have never observed any mutations in my cultures, which is 
quite explainable ¢n account of the relatively small number of plants. 
However, in spite of the occurrence in F, of forms resembling forms 
already existing in nature the assumption of the origin of the forms 
of V. tricolor by mutations is not therefore to be rejected as quite 
absurd. Even negative mutations might give rise to such forms; 
positive mutations would give rise to any form. For example, a violet 
and small-flowering type with small labellum would result in a form 
similar to V. arvensis curtisepala if the colour factors and the inhibi- 
ting factor for the length of petals and labellum were lost etc. How- 
ever, the »true» negative mutations hitherto found and investigated 
make this assumption less probable. They are all less vital than their 
original form, and low vitality has not been found in any form of 
V. tricolor. 

On the other hand, the fact that types similar to types already 
existing in nature are found in F, of crosses between different forms is, 
according to my opinion, not a proof of the theory of evolution by 
means of hybridization. As to the origin of the mass of phenotypes 
known as V. tricolor nothing can be said on the basis of my ex- 
periments. They only indicate that the variation in this species is 
due to re-combination ef Mendelian factors. 


SUMMARY. 


1. In one cross between an autogamous form of Viola arvensis 
(line 2) and a herkogamous of V. tricolor (line 10) F, became herkoga- 
mous. F, showed segregation in autogamous and herkogamous plants 
in the ratio 1: 2,3. This ratio lies within the statistically allowed 
ranges for a monohybrid segregation. However, the segregation may 
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not be due to one single Mendelian factor only as herkogamy probably 
depends on three morphological characters, viz. the development of the 
labellum, the direction of the opening of the stigmatic chamber, and 
the nature of the pollen-magazine (more or less closed). All these 
characters were found to vary independently in F,. Further, the F; 
generation of a cross with another herkogamous V. tricolor (40 X 3) 
was autogamous. 

2. F, of the cross between the violet flowering V. tricolor (10) 
and the light-yellow V. arvensis (2) became violet. F, showed dihy- 
brid segregation in 9 violet : 3 blue: 3 red (red violet) : 1 light-yellow. 
The blue colour is due to a factor B, the red to another factor R. 
When both are present (BR) the petals become violet, when absent 
(br) they become light yellow. 

3. The dark-yellow honey-guide was of the same appearance in 
the parent lines and in F, of this cross. In F, types appeared with 
the whole of the spur-petal of the same dark-yellow colour as that of 
the honey-guide. The ratio was about 15 with small honey-guide: lL 
with the whole of the spur-petal dark-yellow. 

4, When types with a dark-green spot on the front of the style 
were crossed with types without the spot this character was found 
to be dominant in F,. F, showed monohybrid segregation. Thus, 
this character was due to one single Mendelian factor (S). 

5. A form with white-spotted leaves of about the same appea- 
rance as most of the albomaculata forms was found in V. arvensis. 
It bred true as to this character. F, became normal green leaved 
when crossed with normal green and F, showed monohybrid segrega- 
tion. The albomaculata-character was due to the absence of one 
factor (A). 

6. As to the size of the corolla, determined by measuring the 
upper petals and the spur-petals, two types were noticed; one with 
very small flowers and another with relatively large. When crossed 
with a large the small-flowering type was found to be dominant. When 
a large flowering was crossed with another large flowering the largest 
flowers were more or less dominant. F, of the first mentioned cross 
showed a continuous variation and most of the plants had a size of 
petals approaching that of the small-flowering parent. 

7. The variation of the size of the labellum in the crossings was 
similar to that of the petals. Thus, the F,-generation had a labellum 
of about the same size as the smaller parent, and most of the F,-indi- 
viduals were grouped around the mean of this parent. 








288 KARL B. KRISTOFFERSON 





8. A correlation between the length of the upper petals, the spur 
petal and the development of the labellum was noticed in F;. On 
account of the dominance in F, and the correlations in F, the presence 
of an inhibiting factor common to the petals and the labellum was 
assumed in the small flowering types. 

9. When a type with erect main axis and erect branches was 
crossed with a type with prostrate axis and branches F, became about 
intermediate. F. showed a continuous segregation as to these charac- 
ters. Both these characters probably varied independently. An abso- 
lute coupling was not at hand in any case. The differences in growth 
form may be due to several factors. 

10. Types with different height gave an intermediate F',; when 
crossed. The variation in F, was continuous between the limits of the 
parents. 

11. The hybrids between V. Munbyana and different forms of V. 
tricolor and V. arvensis had the appearance to be expected when a 
violet of the large flowering type was crossed with the above discussed 
species. 

12. A small F.-generation of a cross between V. arvensis and V. 
Munbyana showed segregation in all characters investigated. 

13. The variation of the Swedish Melanium violets V. tricolor and 
V. arvensis is due to re-combination of Mendelian factors at least to 
a very high degree. 

14. On account of the variation of the F.-generation of crosses 
between V. tricolor and V. arvensis and the variation in nature in these 
species the author argues that they should be put together in one 
single species, Viola tricolor L. 
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UBER AHRCHENABSTAND UND AHRCHEN- 
ZAHL BEI EINIGEN WEIZENKREUZUNGEN 


VON BIRGER KAJANUS 
LANDSKRONA, SCHWEDEN 


(With a summary in English) 





\ | IT dem Verhalten des Ahrenbaues bei Triticum-Kreuzungen ha- 

ben sich vorher nur wenige Forscher beschiaftigt. Besonders 
bemerkenswert sind diejenigen Untersuchungen, die NILSSON-EHLE 
(1911) und PARKER (1914) iiber den Ahrchenabstand bei Kreuzungen 
zwischen vulgare und compactum, und zwar in beiden Fallen an einem 
umfangreichen Materiale, ausgefiihrt haben. Von Interesse sind aber 
auch die weniger umfassenden Studien MALINOWSKIS iiber Ahren- 
dichte und Ahrchenzahl bei verschiedenartigen Kreuzungen (1914, 
1916, 1918). 

Meine unten besprochenen Untersuchungen beziehen sich teils auf 
drei Kreuzungen zwischen Vertretern der Dinkelreihe, naimlich eine 
Kreuzung vulgare X Spelta* und reziproke Kreuzungen compactum 
X Spelta, teils auf drei Kreuzungen zwischen je einem Vertreter der 
Dinkelreihe und der Emmerreihe, nimlich zwei Kreuzungen vulgare 
X turgidum und eine Kreuzung vulgare X dicoccum. Simtliche El- 
terntypen vertraten reine Linien. In bezug auf vulgare handelt es 
sich um zwei Rassen, die mit den Nummern 1 und 2 bezeichnet wer- 
den; Nr. 1 ist Weibulls Idunaweizen, Nr. 2 ist diesem ‘hnlich, hat 
aber etwas lockerere Ahren mit etwas geringerer Ahrchenzahl. Betreffs 
der tibrigen Gruppen ist nur von je einer Rasse die Rede. Die dicoc- 
cum-Rasse ist aus der Sorte Blé Amidonnier noir gezogen; Sorten- 
namen der von Spelta, compactum und turgidum verwendeten Rassen 
sind mir nicht bekannt, auch vulgare 2 ist eine namenlose Rasse. 

Von der Kreuzung vulgare X Spelta wurden drei, von der Kreu- 
zung compactum X Spelta zwei, von der Kreuzung Spelta X compac- 
tum drei Generationen analysiert. Indessen wurden nicht alle F;- 
Bestinde der letzten Kreuzung in bezug auf Ahrchenabstand und Ahr- 
chenzahl untersucht, bei der Auswahl wurde aber darauf geachtet, dass 


1 Ich untersuchte auch andere Kreuzungen zwischen vulgare und Spelta in 
bezug auf den Ahrenbau, sehe aber hier von denselben ab. 




















UBER AHRCHENABSTAND UND AHRCHENZAHL 291 





Bestande von allerlei Typen und Spaltungen mitgenommen wurden. 
Von den Kreuzungen vulgare X turgidum und vulgare X dicoccum 
wurden je drei Generationen gezogen, die dritte jedoch nur nach einer 
Auswahl von F,-Pflanzen, ausserdem werden die an gewissen kleineren 
F-Bestanden erzielten Resultate hier nicht angefiihrt. Die beziiglich 
der Elterntypen mitgeteilten Zahlen griinden sich auf Pedigreebestinde, 
die im Jahre 1914 geerntet wurden. Die Ernte des Kreuzungsmaterials 
fand in den Jahren 1912 bis 1918 statt, und zwar in folgender Weise: 
von vulgare X Spelta, vulgare X turgidum und vulgareX dicoccum F, 
1912, F, 1913 und F; 1914; von compactum X Spelta und reziprok 
F, 1916, F, 1917 und F, 1918. ; 

Bei der Untersuchung wurde je eine Ahre der betreffenden Pflan- 
zen verwendet, mit Ausnahme von F, der Kreuzungen zwischen com- 
pactum und Spelta, wo mehr Ahren benutzt wurden. Bei der Analyse 
wurden jedoch nicht durchgehends simtliche Pflanzen der beriicksich- 
tigten Bestinde mitgenommen, teils weil Ahren nicht von allen Pflan- 
zen aufbewahrt worden waren (es handelt sich dabei um gewisse F- 
Pflanzen und um einige schlecht entwickelte, aber trotzdem verfolgte 
F,-Individuen), teils weil gebrochene Ahren und solche, die augenschein- 
lich spontane Bastarde vertraten, von der Analyse ausgeschlossen wer- 
den mussten. An den untersuchten Ahren ermittelte ich Spindellinge 
(L) und Ahrchenzahl (A) direkt, wonach ich den Ahrchenabstand 
durch die Formel L: (A —1) berechnete. 

Bei der Gruppierung der Ahrchenabstinde verwendete ich durch- 
weg eine Klassendifferenz von 7/, mm; bei der Gruppierung der 
Ahrehenzahlen setzte ich eine Einheit als Klassendifferenz, mit Aus- 
nahme der Kreuzungen mit turgidum und dicoccum, wo eine Klas- 
sendifferenz von 2 Einheiten vorteilhafter erschien. In bezug auf die 
F,-Werte ist zu erwahnen, dass diese in allen denjenigen Fallen, wo die 
Analyse sich nur auf eine einzige Pflanze bezog, exakt angegeben sind. 
Eine zahlenkritische Behandlung des vorliegenden Materiales war, wie 
orientierende Berechnungen und Erwigungen zeigten, fiir die bis jetzt 
gezogenen Schliisse ohne Bedeutung ’. 

Als Grundlage meiner hier behandelten Untersuchungen dienten 
ungefahr 15000 Individuen. Die Resultate werden in den beigefiigten 
Tabellen ausfiihrlich mitgeteilt und im Texte kurz erlautert. Bei dieser 
Erlauterung beschrinke ich mich im ganzen auf generelle Ergebnisse. 


* Geplante mathematische Spezialstudien am betreffenden Material habe ich 
bis auf weiteres aufgeschoben. Bei diesen spiteren Studien will ich auch die 
Ahrenlange behandeln. 
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Eine iibersichtliche Darstellung der Vererbungsverhaltnisse wird in 
einer anderen Abhandlung gegeben (1923, Kreuzungen XIII, XVI, 
XVII, XVIII, XIX und XX). Da die im folgenden angefiihrten Spezial- 
tabellen dort nicht vorkommen, bildet der vorliegende Bericht eine 
fundamentale Ergiinzung der erwaihnten Abhandlung. 


VULGARE X SPELTA. 
(Tab. 1—10). 


F, war dem Spelta-Elter habituell ziemlich ahnlich. fF; spaltete 
in Spelta- und vulgare-Typen nebst allerlei Zwischenformen, die tiber- 
haupt leichter von den vulgare-Typen als von den Spelta-Typen abge- 
grenzt werden konnten. Aus F; des verfolgten F.-Bestandes 2723 ging 
hervor, dass es sich in F, prinzipiell um die Spaltung 1 SS: 2 Ss: 1 ss 
handelte (S = das Gen des Spelta-Habitus) 


AHRCHENABSTAND. 


Die Ahrchenabstiinde der Elterntypen waren sehr verschieden, 
weshalb man glauben kénnte, dass der Unterschied von vielen spe- 
ziellen Genen fiir Ahrchenabstand (vorlaiufig als L-Gene bezeichnet) 
bedingt wurde. Betrachtet man indessen die Ahrchenabstinde der 
verschiedenen Gruppen der F:-Bestandes 2723 und der F';-Bestande 
550 und 579 (Tab. 1), vergleicht man ferner die fiir die Summen der 
F,-Bestande erhaltenen Werte (Tab. 2), so ergibt sich, dass die Mittel 
der Spelta-Pflanzen betrachtlich grésser waren als diejenigen der 
vulgare-Pflanzen. Da es anzunehmen ist, dass in jedem dieser Falle 
Spelta-Pflanzen und vulgare-Pflanzen iiberhaupt dieselben L-Gene 
besassen, so muss man folgern, dass die betreffenden Unterschiede 
wesentlich darauf beruhten, dass das Spelta-Gen (S) nebst besonderen 
morphologischen Merkmalen auch eine Zunahme des Ahrchenabstan- 
des bewirkte. Da ferner der Unterschied in den angefiihrten Fallen — 
durchschnittlich ungefahr 2 mm — nicht grésser war als derjenige 
zwischen den Eltern, so kénnte man schliessen, dass die Annahme 
spezieller L-Gene zur Erklarung der zwischen den Eltern vorhandenen 
Differenz a priori nicht nétig wire. Aus dem Umstande jedoch, dass in 
F,—F; von den Eltern distinkt abweichende Typen vorkamen, muss 
man damit rechnen, dass die Eltern sich auch in bezug auf solche 
Gene unterschieden, obwohl diese zur sichtbaren Differenz nicht we- 
sentlich beitrugen. 
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Die Heterozygoten nahmen eine mittlere Stellung ein mit einer 
gewissen Annaherung an die Spelta-Gruppe. 

Die Mittel der F;-Bestande sind in der Tabelle 3 zusammengestellt; 
einige Mittel, die in der Tabelle 2 mit Klammer umgeben sind, wurden 
aus verschiedenen Griinden, auf die ich hier nicht einzugehen brauche, 
aus der Zusammenstellung ausgeschlossen. Die Differenz. zwischen 
Spelta-Typen und vulgare-Typen tritt auch in dieser Tabelle sehr deut- 
lich hervor; ausserdem ersieht man aus dem Verhalten der spaltenden 
Bestande die Zwischenstellung der Heterozygoten, indem die Mitte] der 
betreffenden Bestinde natiirlich wesentlich von den Heterozygoten 
beeinflusst worden sind, da Spelta-Pflanzen und vulgare-Pflanzen sich 
annihernd kompensiert haben. 


AHRCHENZAHL. 


Wie die Ahrchenabstiinde sind auch die Ahrchenzahlen der Eltern 
sehr verschieden, und hier wie dort spielt das Vorhandensein bezw. 
Fehlen des Gens S die Hauptrolle. Vergleicht man nimlich die Mittel 
der Spelta-Typen und der vulgare-Typen im F,.-Bestande 2723, in den 
F,-Bestanden 550 und 579 (Tab. 4) und in den Summen der F;-Be- 
stiinde (Tab. 5), so findet man, dass die Ahrchenzahl der Spelta-Typen 
erheblich niedriger ist als diejenige der vulgare-Typen, und zwar ist 
die Differenz etwa 2. Das Gen S bewirkt also eine Verminderung der 
Ahrchenzahl. Dass die Eltern sich indessen auch in bezug auf spe- 
zielle, die Ahrchenzahl beeinflussende Gene unterschieden, geht daraus 
hervor, dass in F.—F,; transgressive Typen vorkamen. 

Die Heterozygoten nahmen eine Zwischenstellung ein, jedoch mit 
einer gewissen Annaherung an die vulgare-Typen. 

Die Mittel der F;-Bestinde (dieselben wie in der Tabelle 3) sind 
in der Tabelle 6 zusammengestellt; sie beleuchten sehr sch6n den 
generellen Unterschied zwischen SS-, Ss- und ss-Typen. 


BEZIEHUNG AHRCHENABSTAND—AHRCHENZAHL. 


Aus den Tabellen 7—9, die sich auf das gegenseitige Verhalten 
des Ahrchenabstandes und der Ahrchenzahl bei Spelta- und vulgare- 
Bestanden sowie bei Spaltungsbestanden in F; beziehen, ist keine deut- 
liche Korrelation in genannter Hinsicht herauszulesen. Die Tabelle 
10 dagegen, die alle F;-Bestaénde umfasst, zeigt eine negative Korrela- 
tion zwischen Ahrchenabstand und Ahrchenzahl; diese Korrelation ist 
aber natiirlich auf die Beziehung Spelta — vulgare zuriickzufiihren. 
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COMPACTUM X SPELTA UND SPELTA X COMPACTUM. 
(Tab. 11—14). 

F, zeigte in bezug auf Ahrenhabitus ein iiberhaupt intermediires 
Verhalten, obwohl gewisse Spelta-Merkmale relativ stark hervortraten 
(die frappant grosse Ahrchenzahl diirfte wesentlich mit éusseren Um- 
stinden zusammenhingen). F, ergab eine komplizierte Spaltung mit 
Spelta-Typen sehr verschiedener Ahrendichte, compactum- und vul- 
gare-Typen sowie allerlei Zwischenformen. Auf Grundlage der F;- 
Generation, die nach dem F.-Bestande 527 der Kreuzung Spelta < 
compactum gezogen wurde, konnte festgestellt werden, dass es sich 
um eine dihybride Spaltung handelte, die auf der Tatigkeit der Gene 
S und C beruhte (S das Gen des Spelta-Habitus, C—=das Gen des 
compactum-Habitus). Trotzdem es nicht méglich war, gewisse F;- 
Bestande ganz sicher zu beurteilen, stellte es sich heraus, dass die be- 
treffenden Gene sich unabhingig von einander vererbten. Konstanz 
wurde erreicht von mehr oder weniger lockerahrigen Spelta-Typen 
(SScc), von dichtahrigen Spelta-Typen (SSCC), die eine ganz neue 
Gruppe bilden, die ich mit dem Namen compacto-Spelta bezeichne, 
ferner von compactum-Typen (ssCC) und von vulgare-Typen (sscc) 
verschiedener Ahrendichte. 


AHRCHENABSTAND. 


Der sehr grosse Unterschied zwischen den Eltern beruht im ersten 
Raume auf die Wirkungen der Gene S und C, wie aus der Spaltung 
des verfolgten F.-Bestandes 527 ohne weiteres hervorgeht. Die SScc- 
Pflanzen dieses Bestandes ergaben nimlich das Mittel 6,61 mm, das 
vom Mittel des Spelta-Elters nicht viel abweicht, und die ssCC-Pflan- 
zen das Mittel 1,96 mm, das sich dem Mittel des compactum-Elters in 
hohem Grade niahert. Dass die Eltern sich jedoch auch betreffs an- 
derer auf den Ahrchenabstand wirkender Gene unterschieden, erhellt 
aus dem Vorkommen abweichender Typen in F.—F;. 

Die Spaltungen des F.-Bestandes 527 und der F;-Bestande 73 und 
147, in denen eine sichere Trennung der SS-, Ss- und ss-Individuen 
ausgefiihrt werden konnte, zeigen, dass der Ahrchenabstand der SS- 
Pflanzen im allgemeinen ungefahr 2 mm grésser war als derjenige der 
ss-Pflanzen. Aus der detaillierten Ubersicht der Spaltung des F.- 
Bestandes 527 ist zu ersehen, dass die Differenz der betreffenden 
Gruppen prinzipiell gleich war, einerlei ob es sich um CC-, Cc- oder 
cc-Typen handelte. Gleichzeitig geht aber aus der erwihnten Uber- 
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sicht hervor, dass der Ahrchenabstand der CC-Pflanzen_betrichtlich 
kiirzer war als derjenige der cc-Pflanzen, einerlei ob das Gen S fehlte 
oder vorkam. In derselben Richtung sprechen die F;-Bestinde 163, 
59, 61 und 121, in denen allerdings eine gegenseitige Trennung der 
CC- und der Cc-Individuen nicht méglich war, wohl aber eine Ab- 
grenzung der cc-Individuen von den iibrigen. Die F.-Zahlen deuten 
darauf hin, dass die homozygotische Wirkung des Gens C iiberhaupt 
ebenso gross war wie diejenige des Gens S; darauf diirfte es z. B. be- 
ruhen, dass der Ahrchenabstand der SSCC-Pflanzen demjenigen der 
sscc-Pflanzen sehr ahnlich war. 

Aus dem Umstande, dass die Ss-Individuen der F,-Bestiinde 73 
und 147, die in bezug auf C homozygotisch waren, sich den ss-Indivi- 
duen naherten, wahrend Ss-Pflanzen bei Fehlen von C nach der ande- 
ren Seite tendierten, schliesse ich, dass das heterozygotische S einen 
weniger starken Einfluss ausiibt, wenn C doppelt vorkommt, als wenn 
es fehlt. 
















AHRCHENZAHL. 

Sowohl der F:-Bestand 527 wie die F;-Bestiinde 73 und 147 zeigen, 
dass die Ahrchenzahl der SS-Pflanzen erheblich kleiner war als die- 
jenige der ss-Pflanzen; in F, war der Unterschied ungefahr 2, in den 
betreffenden F;-Bestiinden kleiner. Eine Differenz beziiglich der Ahr- 
chenzahl kam augenscheinlich sowohl bei Pflanzen ohne C wie bei 








solchen mit C vor. 

Die Spaltung des erwahnten F,.-Bestandes lehrt ferner, dass die 
Ahrehenzahl der CC-Individuen wesentlich grésser war als diejenige 
der cc-Individuen. Ein derartiger Einfluss des Gens C auf die Ahr- 
chenzahl] ist auch aus den Spaltungen der F;-Bestiinde 163, 59, 61 und 
121 zu ersehen. Verschiedene Tatsachen scheinen dafiir zu sprechen, 
dass die Wirkung des Gens C tiberhaupt ebenso gross war wie die- 
jenige des Gens S. 

Von Interesse ist ferner die Tatsache, dass die Ss-Individuen der 
F,-Bestande 73 und 147 sich den ss-Individuen in frappanter Weise 
naherten, was zweifellos darauf beruhte, dass das einfache S bei Vor- 
handensein des doppelten C relativ schwach wirkte. 













VULGARE X TURGIDUM. 
(Tab. 15—22). 

Die beiden Kreuzungen ergaben prinzipiell iibereinstimmende Re- 

sultate. Unterschiede wurden aber bedingt durch die verschiedene 
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Ahrendichte und Ahrchenzahl der vulgare-Eltern (Nr. 1 bezw. Nr. 2). 
Ferner ist zu bemerken, dass die Nachkommen (zunachst F.) der 
zweiten Kreuzung (mit Nr. 2) iiberhaupt schlechter entwickelt waren 
als diejenigen der ersten (mit Nr. 1). Die Mutterpflanzen der F;- 
Nachkommenschaften wurden in der ersten Kreuzung aus 3 F,.-Be- 
stiinden (Nr. 2725, 2727 und 2728), in der zweiten Kreuzung aus einem 
einzigen F’,-Bestande (Nr. 2739) gewahlt. 


F, war frappant kriftig, die Ahren hatten einen intermediiiren 
Habitus. F, spaltete in verschiedene Typen von turgidum, durum, 
vulgare und speltoides und in allerlei Zwischenformen. Eine vollstan- 
dige Gruppierung der Pflanzen konnte nicht durchgefiihrt werden; ich 
will indessen mitteilen, dass die ausgeprigten speltoides-Individuen 
ungefahr 10 % der Pflanzen ausmachten. Die durum-Gruppe ist mit 
der turgidum-Gruppe nahe verwandt, das Auftreten der durum-Typen 
bietet deshalb nichts auffallendes. Eigenartiger erscheint das Vor- 
kommen der speltoides-Typen, die aber als rezessive Abspaltungs- 
produkte aufgefasst werden miissen. Formen mit besonders schmalen 
Klappen wurden bei verschiedenen Typen beobachtet. In F; wurde 
Konstanz von allen erwahnten Haupttypen erreicht, ausserdem wurden 


verschiedenartige Spaltungen festgestellt, z. B. von vulgare bis speltoi- 
des, wobei die Anzahl der letzteren etwa 20—30 % der ganzen Indi- 
viduenzahl betrug. Das in den Tabellen erwahnte lanceolatum (Nr. 
680) ist ein zunichst an vulgare erinnernder Typus mit sehr schmalen 


Klappen. 


AHRCHENABSTAND. 


In F, scheint ausgepragte Dominanz des grésseren Ahrchenabstan- 
des vorzuliegen, bei der Beurteilung dieser Sache muss indessen der 
kriiftige Wuchs der F,-Pflanzen beriicksichtigt werden. Beziiglich der 
F’,-Generation ist hervorzuheben, dass einerseits niedrigere Zahlen als 
bei dem turgidum-Elter, andererseits héhere Zahlen als bei den vul- 
gare-Eltern vorkamen. Bei den niedrigen Zahlen handelte es sich 
speziell um sehr dichtaéhrige turgidum-Formen, fiir welche die Be- 
zeichnung contractum verwendet werden kénnte. Die besonders hohen 
Zahlen gehérten zu homo- und heterozygotischen speltoides-Formen. 
Dass das F,-Mittel der zweiten Kreuzung kleiner ist als dasjenige der 
ersten, was a priori nicht zu erwarten ware, da der vulgare-Elter der 
zweiten Kreuzung lockerihriger war, hingt zweifellos von der schlech- 
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ten Entwicklung besonders vieler Individuen der zweiten Kreuzung ab. 
In F; waren die Ahrchenabstinde bei turgidum und durum iiberhaupt 
relativ klein, bei speltoides dagegen relativ gross, ‘wiihrend vulgare 
eine vermittelnde Stellung einnahm. Betreffs der in vulgare bis 
speltoides spaltenden Bestéande mag erwiahnt werden, dass das Mittel 
der speltoides-Individuen wesentlich grésser war als dasjenige simt- 
licher Pflanzen der betreffenden Bestande. 









AHRCHENZAHL. 


Die relativ niedrigen Mittel der F.-Generation sind wohl vor allem 
der kiimmerlichen Ausbildung vieler Individuen zuzuschreiben. In F; 
kamen bei turgidum und durum besonders grosse, bei vulgare und 
speltoides im ganzen niedrigere Ahrchenzahlen vor. In den vulgare 
speltoides-Bestanden hatten die speltoides-Individuen tiberhaupt relativ 
niedrige Ahrchenzahlen. 
















VULGARE X DICOCCUM. 
(Tab. 23—26). 










F, war auffallend wiichsig, im Habitus der Ahren an beide Eltern 
erinnernd. F, spaltete in verschiedene Typen von dicoccum, Spelta 
und vulgare nebst allerlei Zwischenformen. Von besonderem Interesse 
sind natiirlich .die Spelta-Typen, die durch Kombination eines bei 
dicoccum vorhandenen Spelta-Gens mit dem Gen des vulgare-Habitus 
entstanden sein diirften. Besonders erwahnenswert sind ausserdem 
vulgare-ahnliche Formen mit stark abgeplatteten Ahren und gedrang- 
ten Ahrchen; ich bezeichne diese Formen mit dem Namen compres- 
sum. In F, wurden konstante Bestinde von allen erwahnten Typen, 
auch von compressum, erzielt; ferner wurden verschiedene Typen von 
Spaltung festgestellt. Unter den Spaltungen’ sind zwei Gruppen be- 
sonders zu erwahnen. Die eine Gruppe umfasst Bestande, die in 
dicoccum bis compressum, die andere solche, die in Spelta bis vulgare 
spalteten. Die Gruppierung der Pflanzen war in der ersten Gruppe 
schwer durchzufiihren, da die extremen Typen durch mehr oder we- 
niger durum-aihnliche Zwischenformen kontinuierlich verbunden wa- 
ren; indessen schien es, als ob die compressum-Individuen ungefahr 
ein Viertel der Pflanzen ausmachten. In den Spelta—vulgare-Bestan- 
den betrug die Zahl der vulgare-Individuen etwa ein Viertel der 
Gesamtzahl. 
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AHRCHENABSTAND. 


Der grosse Ahrchenabstand der F,-Generation beruht zweifellos 
vor allem auf die Wiichsigkeit derselben. Die Variation der F.-Gene- 
ration tiberschritt nach unten diejenige des dicoccum-Elters, nach oben 
diejenige des vulgare-Elters. Die niedrigsten Zahlen gehérten zu com- 
pressum-Individuen, die hédchsten zu homo- und heterozygotischen 
Spelta-Pflanzen. In F; zeichneten sich zwei dicoccum-Nachkommen- 
schaften durch besonders dichte Ahren aus, wahrend eine derartige 
Nachkommenschaft iiberhaupt etwas lockerere Ahren hatte — sub- 
dicoccum (vgl. die entsprechenden F,-Individuen). Besonders lockere 
Ahren kamen bei den Spelta-Nachkommenschaften vor, wihrend 
die vulgare-Nachkommenschaften verhaltnismassig dichte Ahrentypen 
vertraten. In den dicoccum—compressum-Bestanden befanden sich 
die dichtahrigsten Individuen unter den compressum-Pflanzen; in den 
Spelta—vulgare-Bestanden war das Mittel der vulgare-Pflanzen erheb- 
lich niedriger als dasjenige sdmtlicher Pflanzen der _ betreffenden 
Bestande. 


AHRCHENZAHL. 


Das relativ niedrige Mittel der F.-Generation ist besonders der 
schlechten Entwicklung vieler Individuen zuzuschreiben. In bezug 
auf F; ist hervorzuheben, dass die beiden besonders dichtahrigen di- 
coccum-Nachkommenschaften eine relativ hohe Ahrchenzahl haben, 
wihrend diese bei derjenigen Nachkommenschaft, deren Ahren weniger 
dicht waren, niedriger ist. Ausserdem mag bemerkt werden, dass die 
Ahrchenzahlen der Spelta-Nachkommenschaften relativ niedrig sind, 
und dass diejenige der vulgare-Nachkommenschaften eine Reihe bilden, 
die die dichtahrigen dicoccum-Typen mit den lockeraihrigen Spelta- 
Typen verbindet. In den dicoccum—compressum-Bestanden konnte 
in bezug auf die Ahrchenzahl der verschiedenen Typen kein sicherer 
Unterschied festgestellt werden; in den Spelta—vulgare-Bestinden war 
das Mittel der vulgare-Pflanzen wesentlich héher als dasjenige séimt- 
licher Pflanzen der betreffenden Bestinde. 


SUMMARY. 


The author gives a detailed account of his studies on internode- 
length of spikes and number of spikelets in certain Triticum crosses, 
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viz. one cross between vulgare and Spelta, reciprocal crosses between 
compactum and Spelta, two crosses between vulgare and turgidum and 
one cross between vulgare and dicoccum. Three generations were ana- 
lysed. The total number of plants was about 15000. The text con- 
tains a discussion of the general results. 

In the cross of vulgare X Spelta (tables 1—10) the following facts 
were established. The Spelta-plants had a greater internode-length and 
a smaller number of spikelets than the corresponding vulgare plants, 
the difference being in the former case about 2 mm, in the latter 
approximatively 2. The heterozygotes were intermediate in both 
respects, yet with some tendency to the internode-length of Spelta and 
to the number of spikelets of vulgare. The negative correlation 
between internode-length and number of spikelets found in the F; as 
a whole could not be stated in the separate groups. 

The reciprocal crosses of compactum X Spelta (tables 11—14) 
gave rise to four groups of homozygotic types, viz. compactum, Spelta, 
vulgare and compacto-Spelta — a quite new group — as well as to 
different kinds of heterozygotes. The results obtained for Spelta and 
vulgare resembled those gained through the above cross, the Spelta 
gene obviously causing an increase in the internode-length and a 
decrease in the number of spikelets. The compactum gene is shown 
to act in an opposite manner, for compactum types had a smaller 
internode-length and a larger number of spikelets than the correspon- 
ding vulgare types. The Spelta gene behaved in a similar manner in the 
presence and in the absence of the compactum gene, and equally this 
gene had the same effect when the Spelta gene was present as when it 
was absent. The homozygotic influence of the compactum gene 
seemed to be about as large as that of the Spelta gene, thus the types 
of compacto-Spelta resembled the corresponding vulgare types as 
to internode-length and number of spikelets. The heterozygotic effect 
of the Spelta gene was rather small in progenies homozygotic as to the 
compactum gene. 

In the crosses of vulgare X turgidum (tables 15—22) the following 
groups of homozygotic types were obtained, viz. turgidum, durum, 
vulgare and speltoides. As the group of durum is closely related to that 
of turgidum the occurrence of the durum types is not peculiar. More 
remarkable are the speltoides types which are to be regarded as re- 
cessive products of the genetic combination. Some forms had very 
narrow outer glumes; such types resembling vulgare in other respects 
are called lanceolatum. The internode-length was rather small in 


Hereditas IV. 20 








BIRGER KAJANUS 





turgidum and durum, especially small in some turgidum types (con- 
tractum); it was greater in vulgare and still greater in speltoides. On 
the contrary, the number of spikelets was, in general, large in turgi- 
dum and durum, smaller in vulgare and particularly small in speltoides. 

Concerning the cross of vulgare X dicoccum (tables 23—26) the 
occurrence of Spelta types besides the types of dicoccum and vulgare 
is notised. The Spelta types were probably formed through the com- 
bination of a Spelta gene coming from the dicoccum parent and the 
vulgare gene belonging to the other parent. Some forms resembling 
vulgare had very flat and dense spikes; they are called compressum. 
The internode-length of dicoccum was in general small, sometimes 
however greater — subdicoccum (in these plants the outer glumes were 
also larger). In Spelta the internode-length was mostly great, whereas 
the vulgare progenies formed a series connecting the other groups. 
The number of spikelets was rather large in dicoccum, yet reduced 
in laxer forms, smaller in vulgare and still smaller in Spelta. 
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UBER DIE FERTILITAT IN KREUZUNGEN 
ZWISCHEN VERSCHIEDENEN 
WEIZENARTEN 


VON BIRGER KAJANUS 
LANDSKRONA, SCHWEDEN 





\ | EINE im folgenden besprochene Untersuchung bezieht sich 

auf zwei Kreuzungen, die im Jahre 1911 ausgefiihrt wurden. 
Als Mutter diente in beiden Fallen Triticum vulgare, und zwar im 
einen Falle Weibulls Idunaweizen (Nr. 1), im anderen eine diesem 
iihnliche Sorte ohne Namen (Nr. 2): als Vater wurde in beiden 
Kreuzungen ein und dieselbe namenlose Sorte von Triticum turgidum 
verwendet. Alle drei Sorten vertraten reine Linien. 

Uber die Vererbungsweise verschiedener Merkmale dieser Kreu- 
zungen habe ich an anderer Stelle berichtet (1923 a) und in einer 
speziellen Abhandlung ausfiihrliche Mitteilungen tiber den Abstand 
und die Zahl der Ahrchen veréffentlicht (1923 b). Ich beschrinke 
mich hier auf eine Zusammenfassung der Fertilitétsverhaltnisse. 

Als Grundlage dieser Untersuchung benutzte ich je eine, F,- 
Pflanze der beiden Kreuzungen, die meisten Pflanzen der F.-Bestinde 
und simtliche oder die Mehrzahl der Pflanzen einer Auswahl von 
F’,-Bestiinden, ferner 30 Pflanzen jeder Elternsorte. Die F,-Bestande 
wurden besonders aus der ersten Kreuzung gewiihlt, da die Entwick- 
lung der Pflanzen sich hier tiberhaupt besser als in der zweiten 
gestaltete. F, wurde 1912, F., 1913, F, 1914 angebaut; im _ letzt- 
genannten Jahre wurden auch die erwéihnten Pflanzen der Eltern- 
sorten gezogen. 

Solche F.- und F,-Individuen, deren Ahren wegen besonders 
schlechter Ausbildung oder durch andere Ursachen fiir die betreffende 
Untersuchung ungeeignet erschienen, wurden ausgeschlossen. Von 
den iibrigen analysierte ich je eine Ahre, wobei die Kornzahl jedes 
Ahrchens aufgezeichnet wurde; sodann dividierte ich die Summe der 
Kérner der ganzen Ahre mit der Summe der Ahrchen, wodurch die 
durchschnittliche Kornzahl pro Ahrchen erhalten wurde. Die ganze 
Untersuchung umfasste ungefiihr 1500 Individuen. In den beigefiigten 
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Tabellen sind die an einigen kleineren F;-Bestéanden gewonnenen Re- 
sultate nicht mitgenommen. 

Aus den Tabellen 1 und 3 geht hervor, dass die F,-Zahlen (die 
exakt angegeben werden) relativ hoch sind, indem sie sich dem 
Mittel des turgidum-Elters nahern, dessen Mittel héher ist als die- 
jenigen der vulgare-Eltern. Es mag indessen bemerkt werden, dass 
die dusseren Bedingungen fiir die F,-Pflanzen besonders  giinstig 
waren. Ferner zeigen die erwahnten Tabellen, dass in F, einerseits 
erheblich niedrigere, andererseits wesentlich héhere Zahlen als bei den 
Eltern: erzielt wurden; besonders zahlreich sind die niedrigeren Zahlen, 
durch deren Menge die F;-Mittel betrachtlich herabgedriickt werden. 
Eine starke Sterilitatstendenz war offenbar vorhanden; vollstandig 
sterile Individuen kamen jedoch im analysierten Materiale nicht vor, 
indem die niedrigste Kornzahl pro Ahrchen in der ersten Kreuzung 0,1, 
in der zweiten 0,6 war. Das Auftreten der besonders hohen Kornzahlen 
verdient ebenfalls Beachtung, obwohl man die Rolle extrem giinstiger 
Zufalligkeiten nicht vergessen darf; mit gleicher Berechtigung muss 
man aber in bezug auf die besonders niedrigen Kornzahlen mit extrem 
ungiinstigen Zufalligkeiten rechnen. Die héchste Kornzahl pro Ahr- 
chen war in der ersten Kreuzung 3,7, in der zweiten 3,4. 

Betreffs der in den Tabellen 2 und 4 wiedergegebenen F;-Resultate 
ist hervorzuheben, erstens dass hauptsichlich F,-Pflanzen mit relativ 
gutem Kornbesatze verfolgt wurden, zweitens dass schlecht entwickelte 
F,-Bestéande in bezug auf die Kornzahl nicht untersucht wurden. 
Darauf — wie auch auf dem Ausschluss ziemlich vieler Individuen 
in gewissen analysierten Bestinden — beruht es, dass im angefiihrten 
F,-Materiale keine sehr niedrige Mittel vorkommen; bei den schlecht 
entwickelten Pflanzen war namlich der Kornbesatz gering. Mehrere 
F,-Mittel sind aber doch niedriger als die Mittel der vulgare-Eltern, 
deren Kornzahl im Mittel niedriger ist als bei dem turgidum-Elter. Da 
nun also die Auswahl nach der Plus-Seite hin gerichtet war, sind die 
héheren F',-Mittel von besonderem Interesse, und es fallt auf, dass 
mehrere Bestande der ersten Kreuzung ein Mittel haben, das wesentlich 
hoher ist als dasjenige des turgidum-Elters. Dass dies nicht auf dem 
Ausschluss schlecht entwickelter Individuen mit niedriger Kornzahl 
beruhen kann, geht daraus hervor, dass in diesen Besténden keine 
oder wenige Individuen ausgeschlossen wurden, wie aus der dies- 
beziiglichen Kolumne ersichtlich ist. Es kann auch nicht, jedenfalls 
nur zum Teil, mit verhaltnismassig guten Ernahrungsbedingungen in- 
folge geringer Pflanzenzah] zusammenhangen, da auch gewisse Be- 
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stinde mit geringer Pflanzenzahl relativ niedrige Mittel haben. Be- 
merkenswert ist aber, dass diese héheren Mittel nur in Verbindung mit 
speltoides-Typen vorkommen, indem die betreffenden Bestiénde ent- 
weder konstant speltoid waren oder in vulgare bis speltoides spalteten. 
Da die speltoides-Typen sich durch verhaltnismassig grosse Ahrchenab- 
stinde auszeichneten, liisst sich vermuten, dass die frappant hohe Korn- 
zahl teilweise vom grésseren Platz in den Ahren — in Verbindung mit 
guter Ausbildung der Pflanzen — abhingen. Es sollte demgemiiss nicht 
notig sein anzunehmen, dass die besonders hohen Mittel auf einer 
Veranlagung fiir an sich héhere Kornzahl als bei dem turgidum-Elter 
beruhten, obwohl eine solche Annahme auch nicht abgewiesen werden 
darf, da es ja méglich sein kénnte, dass es sich um Neukombinationen 
fiir héhere Kornzahl handelte. Mit einer indirekten Beeinflussung 
genetischer Art muss man indessen meines Erachtens zur Erklarung 
des Plus im Vergleich mit dem turgidum-Elter unter allen Umstanden 
rechnen, da die héheren Kornzahlen nur bei Typen mit relativ lockeren 
Ahren vorkamen. Im iibrigen wurde keine Beziehung zwischen Ferti- 
litat und Ahrentypus beobachtet. 

Ich wende mich jetzt der Frage zu, inwieweit die Mittel der 
F;-Bestande mit den Durchschnittszahlen der entsprechenden F.- 
Pflanzen itibereinstimmen. Wenn man die betreffenden zusammen- 
gehérigen Zahlen vergleicht, so findet man, einerseits dass gewisse 
niedrige F;-Mittel mit niedrigen F.-Zahlen, andererseits dass gewisse 
hohe F;-Mittel mit hohen F.-Zahlen korrespondieren, und ferner dass 
auch mehrere mittlere F;-Werte nach F,-Pflanzen mit mittlerer Korn- 
zahl erzielt wurden; eine durchgehende Parallelitaét gibt es aber nicht. 
Dies zeigt sich besonders deutlich in der Tabelle 5, wo die F;-Mittel 
ihrer Grésse nach, nebst den entsprechenden F.-Zahlen, geord- 
net sind. 

Teilt man aber, von den F;-Mitteln ausgehend, die beiden Reihen 
in drei Teile derart, dass diejenigen Mittel, die niedriger als 2,00 und 
héher als 2,50 sind, nebst den entsprechenden F:-Zahlen abgegrenzt 
werden, berechnet man ferner die Durchschnittswerte der so erzielten 
Gruppen, so ergibt sich eine deutliche Parallelitaét, die wohl als 
eine in grossen Ziigen vorhandene Vererbung der Kornzahl gedeutet 
werden muss. Es mag indessen bemerkt werden, dass die durch diese 
Berechnung gewonnenen F;-Werte wesentlich niedriger sind als die 
entsprechenden F.,-Werte, wobei es sich zugleich zeigt, dass die Diffe- 
renz in der Abteilung der niedrigsten F;-Mittel am grdéssten, in derje- 
nigen der héchsten F;-Mittel am kleinsten ist. Diese Tatsachen 
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kénnen aber auf verschiedenen nicht- TABELLE 5. 


Ubersicht zur 


genetischen Ursachen beruhen. — Teilt Beleuchtung der Beziehung 
man die mittlere Abteilung in zwei Teile der F;-Mittel zu den _ ent- 
sprechenden F,.-Zahlen. 


mit 2,25 als F;-Grenze, so erhalt man in 
F, ungefahr gleiche Durchschnittswerte; 
ein Unterschied in bezug auf die Verer- 
bung der Kornzahl ist demgemiass bei 
diesen Gruppen nicht zu ersehen. 

Eine in hohem Grade _beachtens- 
werte Tatsache ist natiirlich die in F, 
und F, vorhandene Sterilitit. Ich beob- 
achtete ein ahnliches Verhaltnis in einer 
Kreuzung zwischen Triticum vulgare 
und Triticum dicoccum, wo indessen 
keine diesbeziigliche Analysen ausge- 
fiihrt wurden; die Sterilitat schien in 
dieser Kreuzung noch groésser zu sein. 
Diese Sterilitat hangt offenbar davon ab, 
dass die Eltern artverschiedene Gruppen 
vertreten, die sich sowohl betreffs der 
Chromosomenzahl als in bezug auf 
andere physiologisch bedeutungsvolle 
Charaktere unterscheiden. 

Mitteilungen iiber die Fertilitatsver- 
haltnisse in Kreuzungen zwischen je 
einem Vertreter der (diploid) 28-chro- 
mosomigen Emmerreihe (dicoccum, du- 
rum, polonicum, turgidum) und der 
(diploid) 42-chromosomigen Dinkelreihe 
(Spelta, vulgare, compactum) sind von 
mehreren Forschern ver6ffentlicht wor- 
den, u. a. von MALINOWSKI, KIHARA 
und SAx, die ausserdem versucht haben, 
die auch von ihnen festgestellte Sterili- 
tat zu erklaren. 


2,54 





2,21 


2,54 


2,53 


2,84 





F, 
isl 
2,0 
2,5 
2s 
1,9 
1,9 
2,2 
2,8 


Zt 
3,5 
2,2 
23 
2,6 
1,7 
3,2 
2,4 
2,8 
2,6 


PAR 
2,4 
2,4 
29 
2,5 
2,4 
3,2 


238 
2,6 
of 
2,4 
2,3 
3,6 
3,0 


F, 


1,63 } 


1,76 
1,78 
1,84 
1,88 
1,89 
1,95 
1,95 


Z 907 
2,07 
2,10 
2,19 
2,19 
2,22 
2,22 
2,23 
2,23 


2,24 


2,27 
2,27 
2,29 
2,29 
2,31 
2,35 
2,35 


2,59 
2,61 
2,62 
2,65 
2,66 
2,68 


2,97 





1,84 





MALINOWSKI der sich mit Kreuzungen zwischen vulgare und dicoc- 
cum befasste (1918, 1920), beobachtete, dass F, teilweise steril war, und 
dass in F, eine gréssere Anzahl von teilweise oder vollstandig sterilen 
Pflanzen als von vollig fertilen vorkam. Eine Abhangigkeit der Steri- 
litit vom Typus konnte nicht festgestellt werden. Aus den F;-Resulta- 
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ten wird der Schluss gezogen, dass verschiedene Grade der partiellen 
Sterilitat erblich sind. Die in den erwahnten Kreuzungen vorkommen- 
de Sterilitat schreibt MALINOWSKI dem Vorhandensein nicht-harmoni- 
sierender Paare von Elementen oder Faktoren zu, die in F, zusammen- 
treffen und sich dann in verschiedener Weise verteilen. Mit der An- 
zahl dieser Paare sollte der Sterilitaétsgrad der Kreuzungsprodukte 
sleigen. Der Sterilitatsgrad einer Pflanze, die drei oder vier Paare 
nicht-harmonisierender Elemente enthalt, sollte héher sein als der- 
jenige einer Pflanze, die nur zwei oder ein Paar solcher Elemente 
besitzt. VO6llig sterile Pflanzen sollten erscheinen, wenn die Anzahl 
der betreffenden Elemente ihr Maximum erreicht oder sich diesem 
nahert; wenn solche Elemente nicht zusammentreffen, sollten vdllig 
fertile Pflanzen entstehen. 

KIHARA, der verschiedene Verbindungen, besonders aber Kreu- 
zungen zwischen polonicum und Spelta, und zwar speziell von zyto- 
logischem Gesichtspunkte untersuchte (1919, 1921), konstatierte in F, 
partielle Sterilitat und in F, bis F, verschiedene Grade von Sterilitat. 
Er fiihrt die Fertilitatsverhaltnisse auf Unterschiede der Chromosomen- 
zahl zuriick. Diese war in F, 35 (14 + 21) und wechselte in den fol- 
genden Generationen von 28 (14 + 14) bis 42 (21+ 21). Er teilt die 
Kreuzungsprodukte in zwei Gruppen ein, je nachdem, von 35 Chro- 
mosomen aus, eine Vermehrung oder eine Verminderung der Anzahl 
eintrat. In Ubereinstimmung mit den betreffs der Vermehrungsruppe 
gemachten Beobachtungen schliesst KIHARA, dass die Fertilitaét mit der 
Zunahme der Chromosomenzahl erhéht wird. Die durchschnittliche 
Kornzahl pro Ahre war namlich in einer Kreuzung zwischen polonicum 
und Spelta bei einer F,-Pflanze mit 35 Chromosomen 7,5, bei einer 
F.-Pflanze mit 38 Chromosomen 10,0, und bei 8 F;-Nachkommen 
dieser Pflanze: bei 38 Chromosomen 9,0, bei 39 Chromosomen bezw. 
13,0, 15,0 und 15,4, bei 40 Chromosomen 18,0, bei 41 Chromosomen 
bezw. 22,75, 26,0 und 30,0. Bei dem polonicum-Elter war die durch- 
schnittliche Kornzahl 29,8, bei dem Spelta-Elter (nach zu spater Saat) 
16,5. 42-chromosomige F.-Pflanzen einer Kreuzung zwischen turgidum 
und compactum zeigten vollkommene Fertilitat. Uber die Fertilitat der 
zur Verminderungsgruppe gehérenden Pflanzen wird nichts von ent- 
scheidender Bedeutung mitgeteilt. 

Auch Sax hat sich dem Fertilitaétsproblem des Weizens in Ver- 
bindung mit zytologischen Studien gewidmet (1921, 1922 a und b). 
Er, untersuchte die Fertilitat sowohl bei Kreuzungen zwischen der Em- 
merreihe und der Dinkelreihe als auch bei solchen innerhalb der be- 
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treffenden Reihen. Alle seine Kreuzungen zwischen den beiden Reihen 
resultierten in mehr oder weniger sterile F,-Pflanzen, wahrend seine 
Kreuzungen innerhalb der Reihen vdollig fertile F,-Pflanzen ergaben. In 
F, einer Kreuzung zwischen durum und vulgare zeigten viele Pflanzen 
eine gréssere Sterilitat als Fi, ein bedeutender Prozentsatz war ginzlich 
steril; nur einzelne Pflanzen waren ebenso fertil wie die Eltern. 

Nach SAx ist es wahrscheinlich, dass in F, 14 Chromosomen aus 
der Emmerreihe sich mit 14 4hnlichen Chromosomen aus der Dinkel- 
reihe paaren, wodurch 7 Chromosomen iibrig bleiben, die sich bei der 
folgenden Teilung in beliebiger Weise verteilen (was sowohl KIHARA 
als Sax festgestellt haben). »If we assume that the members of the 
bivalent chromosomes can be interchanged in most cases without 
causing non-functional chromosome combinations, most of the sterility 
will be caused by the abnormal behavior of the univalent chromoso- 
mes». »— — — in most cases normal development is correlated with 
an increase or decrease in number of univalent chromosomes, with 
greatest fertility in 28- and 42-chromosome individuals» (1922 a, 
S. 537). Da indessen F, z. T. eine gréssere Sterilitat als F, zeigt, wo 
die Chromosomenzahl 35 ist, die laut der erwahnten Annahme (von 
Sax wie von KiHaRA) mit der niedrigsten Fertilitat verkniipft sein 
sollte, kann die gr6ssere Sterilitat in F, nicht ausschliesslich auf der 
Chromosomenzahl beruhen. Man muss also mit noch einer Ursache 
rechnen; eine solche ist nach SAx die oft schlechte Entwicklung der 
F,-Pflanzen. Diese wire ihrerseits mit mangelhaftem Chromosomen- 
besatze im Zellkérper der betreffenden Zygoten in Beziehung zu 
bringen. »In the F, two complete sets of chromosomes are present, 
so that somatic development is normal or even increased through 
heterosis. In the F, the absence of certain chromosomes may result 
in various degrees of vegetative development, from plants that do not 
pass the rosette stage to plants which head out but are poorly deve- 
loped. In F;, sterility is apparently due only to gametic chromosome 
combinations but in F, individuals a weak somatic development would 
prevent gamete formation although such formation might be possible 
on a normal plant. Thus the greater sterility in F, can be attributed, 
not to greater gametic sterility, but to a combination of somatic and 
gametic functions.» (1922 a, S. 538). 

Ich habe den Eindruck, dass die von SAX vertretenen Anschau- 
ungen den vorlaiufig besten Schliissel zum Verstandnis der betreffenden 
Sterilitaétsverhaltnisse ausmachen. Zur Erklarung der verschiedenen 
Grade von vollkommener Fertilitét, wie solche in F, und F,; meines hier 
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beschriebenen Materiales vorkamen, sind aber — abgesehen von dusse- 
ren Faktoren verschiedener Art, durch welche alle Fertilitatsgrade be- 
einflusst werden — besondere Gene anzunehmen, die auf die Kornzahl 
direkt oder indirekt einwirken. 


da 
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CONTRIBUTIONS TO THE GENETICS 
OF PISUM 


III’; INTERNODE LENGTH, STEM THICKNESS AND 
PLACE OF THE FIRSF FLOWER 


BY HANS AND OLOF TEDIN 
SVALOF 





- INTRODUCTION. 


; ie data recorded in this paper have been collected by H. Tepin 
in 1919 and 1920. Unfortunately, in both years the peas here 
at Sval6f were very much damaged by bad weather and insects, and 
seed enough to raise an F; of the different crosses was not obtained. 
Thus the results reached were thought valueless, and no closer exami- 
nation of the numbers was made. In this year, however, new crosses 
are to be made, in order to try to get a solution of the problems con- 
cerning heredity of growth and earliness in peas. Hence the data 
obtained in 1919 and 1920 have been worked through by O. Tepin 
in order to see if they might give some useful hints about the new 
investigation. It soon became evident that the problems here studied 
are far from being solved, and that they are perhaps still more com- 
plicated, than has been suggested by previous investigators. As three 
or four years, however, are wanted until more definite results may 
be obtained, and as the results already reached perhaps may throw 
some light upon the problems involved, we have thought it con- 
venient to give a short account of the investigation, which was origi- 
nally commenced in order to control the results obtained by KEEBLE 
& PELLEW (1910), whose interpretation will be discussed in some 
respects in this paper. A full list of the literature upon inheritance 
of growth in Pisum is given by Wutre (1917), and is not repeated here. 


METHODS. 


The average length of the internodes of the single plant has 
been determined in the following way: from where the internodes have 


1 The papers of H. TEDIN (1920 & 1923) on flower and seed colour in peas 
are to be considered as Contributions I and II. 
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reached about their full length, the length of six consecutive inter- 
nodes was measured. We have thought it needless to divide the 
numbers thus obtained by six, and in the following is always given 
the length of six internodes as the standard of internode length. 
When analysing the material mathematically it proved convenient to 
group it in classes of 5 cm. each. : 

The stem thickness was measured on the part of the plant where 
the stem has gained its full thickness. This measuring was made with 
an accuracy of 0, mm. When working through the material it 
proved, however, that the number of plants in the */. mm. classes 
(viz. 2,5; 3,5; 4,5 mm. etc.) was very often smaller than the number 
of plants in the neighbouring whole mm. classes (viz. 2; 3; 4 mm. 
etc.). Certainly this is due to incorrect observation and of no real 
significance. When taking the classes together two and two it is, 
however, impossible to decide how many of the plants in an */, mm. 
class are to be calculated in each of the neighbouring whole mm. 
classes. Hence the original data are given in the following. 

In 1919 the total length of undamaged plants was determined. 
Already in 1919 several plants were damaged and in 1920 there were 
too many plants damaged to allow any analysis of the full length. 

The place of the first flower is indicated by the number of sterile 
nodes below the first fertile one. According to KEEBLE & PELLEW 
(1910, in the following only cited as K. & P.) there is »a considerable 
range of variation in this character». It is, however, of great im- 
portance that every sterile node is calculated, even the first, which 
bears no developed leaf and is concealed in the soil. Further, basal 
branches may on no account be calculated, as they mostly have four 
or five sterile nodes less than the corresponding main axis. This 
error is easily committed in such cases, where the main axis has died 
off in an early stage. If necessary precautions are taken, distinct 
differences between different pure lines may easily be seen (cfr. 
Tepin 1897), and these differences are quite constant, even if the 
number of sterile nodes may vary a little in different years. 


DESCRIPTION OF THE LINES USED FOR CROSSING. 


Ragunda-1._ A pea from northern Sweden. Comparatively long 
internodes, thin stem, number of sterile nodes 9—13. (For more 
detailed account, see the tables in the following). 
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Ragunda-2 and 
Ragunda-3. Probably quite identical with Ragunda-1. Ragunda-1, 
-2 and -3 origin from and old pedigree, raised several years ago. The 
three lines mentioned are new pedigrees, raised from the old one a 
few years before the crosses were made. 

Rapid. A line of this sort, obtained in 1913 from northmost 
Sweden. Comparatively long internodes, thin stem, number of sterile 
nodes 5—10. 

0234. Svaléf Concordia pea, a pedigree sort from an English 
mixed sort of pea. Comparatively short internodes, thick stem, num- 
ber of sterile nodes 13—19. 

Stensdrt. A common commercial sort, cultivated for green har- 
vest. Long internodes, thick stem and a large number of sterile 
nodes. (No strict measurings were made on this sort, used as father 


in one cross). 
The following crosses between the lines described have been 


studied: 
Cross I: Ragunda-1 X 0234, F. in 1919 

> II: Ragunda-2 * 0234, F, in 1919 

» III: Ragunda-3 X 0234, F, in 1920 

» IV: Rapid X Stensdrt, F. in 1920. 


In the following crosses I and II will be dealt with together, the 
two others separately. F, of the crosses Ragunda X 0234 was re- 
markably high, widely transgreeding both parents in respect to plant 
highness. 


RESULTS. 
LENGTH OF INTERNODES. 


The numbers obtained in respect to this character are given in’ 
table I. If only F, is considered, the monohybrid segregation is 
evident. In crosses I+ II there is a minimum in the 46—50 class, 
and if the 8 individuals in this class are not calculated, the material 
segregates in 434 with long and 134 with short internodes, correspon- 
ding — after 3:1 ratio — to an expected segregation in 426: 142, 
and thus difference, divided by standard error = D/m = 8,00/10,16 = 0,79. 
Of the two minimum classes, viz. 36—40 and 41—45, in cross III 
the former may be calculated as short and the latter as long inter- 
nodes. Then there are 386 long and 136 short, expected 391,5 and 
130,5 and D/m=5,5/9,3s—=0,56. So it is evident that in all three 
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TABLE I. Length of 6 internodes in parents and F, of crosses 
I+] and Ill. 












































Length of six internodes in cm. Total | 
Material eum | 
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TABLE II. Thickness of stem in parents and F, of crosses I—IV. 







































































| , Thickness of stem in mm. Total 
| Material ob- : ; 
| served sia | | | — 
| 2 /21/a) 3 [31/2] 4 {44/2 5 [5"/s) 6 |6%/2| 7 |7"/s| 8 lof plants 
| | 
| Crosses I+ II i19 |—|—|—|—|—|— spe ee i - 
| Ragunda- | | 
| 142 | 7{ 8{27| 18) 2}—|—|—|—|—|—|—|-|  @ 
| 0234 j—i—}—| 1) 12; 8/20)12) 9|—| 4;—|— 66 
F, — | 15 | 94/105 196 69 | 45 |26;15) 2 —|—| 568 
| | 
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Ragunda-3 S171] Si) |] | Hl Ome 
0234 —|—|—| 1] 5} 2] 11/11/36} 7/ 8;—| 1| 82 
F, 2; 9/21 20 100 56 |149) 61 78 | 14 2;}—/;—; 512 
| | | 
ee a (Lee eee 
Rapid | 6] 9/10) —|—|—|—|—]—|-|—|—|— 95 
F, }—|—j12; 6/10 8/28 | 15 2p) 51 7) a) 4 118 





























crosses there is involved a factor that strongly influences the length 
of internodes. This factor may be the Le of K. & P., and in the 
following it will be called thus. The long internode part of the F::s 
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will in the following, accordingly, be called the Le part, the short 
internode part the le part. 

From the transgressions in F., however, it is evident that more 
factors concerning the length of internodes must be involved in the 
crosses. It is true that Ragunda-3 in 1920 has remarkably short 
internodes, the length of six internodes in this year varying between 
16—45 cm., but in 1919 in the same line between 40—70 cm. (In 
1920 the peas at Svaléf in general were rather low, owing to un- 
favourable weather conditions). None the less, the Le part of F, has 
longer internodes and the le part shorter internodes than either parent. 
How is this to be explained? It must be remembered that the geno- 
typical constitution of Ragunda and 0234 may differ in a great many 


factors. It is then possible that Le — which with certainty is intro- 
duced by Ragunda — together with the sum of factors in 0234 pro- 
duces — under the environmental conditions, given at Sval6f — 


longer internodes than together with the factorial complex of Ragunda, 
and that Ie in connection with the factors of Ragunda gives shorter 
internodes than in connection with the 0234 factors. It might, 
however, be one single factor, dominant in 0234 and recessive in 
Ragunda that exercises this influence upon the effect of Le or le. 
According to K. & P. this factor should be a factor for thick stem, 
introduced in dominant state by 0234. Before this opinion may be 
discussed the results concerning 


THICKNESS OF STEM 


must be taken into consideration. In all four crosses the parents 
have been different in this respect, and segregation has occurred in 
F,. We have, however, not been able to find the evidently mono- 
hybrid segregation, recorded from their crosses by K. & P. The data 
obtained are given in table II. (The number total in each cross is 
not quite the same in respect to different characters, due to difficulties 
by collection of data. When determining correlations between cha- 
racters only those individuals have, of course, been calculated, all the 
data of which are known). If the low numbers in the */. mm. classes 
are disregarded, the curve is continuous and gives no possibility of a 
distinction between individuals with thick and thin stem. Naturally 
the segregation may be monohybrid none the less, only that we cannot 
with any certainty classify the plants in this respect. In the following 
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discussion we will calculate with one factor for stem thickness, 
the T of K. & P. 


CORRELATIONS BETWEEN STEM THICKNESS AND INTER- 
NODE LENGTH AND THEIR INFLUENCE UPON 
STEM HEIGHT. 


K. & P. are of the opinion that tallness of peas should be due 
to a combination of the factor Le for long internodes and a factor, 
T, for thick stem. The following may be quoted from their paper 
(pag. 5): »The other kind of semi-dwarf lacks the thick stem factor, 
and in the absence of this factor the long internode factor cannot 
build the stem segments of sufficient length to produce tallness in 
plant.» So the opinion of K. & P. seems to be that the factor T, 
introduced in the crosses by one parent (in our crosses by 0234), 
should increase the length of internodes caused in the other parent 
by Le. And further, when le is brought together with ¢, the inter- 
nodes should be still shorter than in the Tle parent. This would 
give an explanation of the transgressions in internode length, observed 
in our crosses. If the view of K. & P. is correct, there ought to be 
within the ZL. and the le part of the F.:s, taken separately, a marked 
correlation between stem thickness and internode length. The T 
plants should not only have thick stem but also longer internodes 
than the ¢ plants. Now the coefficient of correlation between length 
of internodes and thickness of stem has been determined — according 
to the formula of Bravais and with the methods of JOHANNSEN 
(1913) — for the Le and le parts of crosses I+ II and III. In the 
I. part of crosses I + II the coefficient of correlation (r) is 0,220 + 0,082, 
in the Le part of cross III r=0,120 + 0,051, in the Le part of crosses 
I + II and in the I. part of cross III r is far less than its own standard 
error. In cross IV, where both parents must have been Le, but Rapid 
t and Stensart 7, F, transgreedes the ¢ parent in respect to internode 
length, and segregates in stem thickness. No correlation is found, 
however, between those two characters, the coefficient of correlation 
being less than its own standard error. Thus in three cases out of 
five there is no sign of correlation, in two cases there is a correlation. 
The coefficient, however, is even there rather low and not sufficiently 
marked (less than 3 times its standard error), the existence of a 
correlation being therefore not quite certain. As the material is not 
small, these results can hardly be considered as occasional. At least 
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the thickness of stem may hardly have so great an influence upon 
the length of internodes as to be the main cause of the difference 
between two so different types as semi-dwarfs and talls. In crosses 
I—II the total length of 433 individuals was determined. The num- 
bers obtained are given in table III. As it will be seen, the total 
length of the Ze indivduals in F, widely transgreedes the length of the 
Le parent. The transgression of the le part of F, over the le parent 
is not equally strong, but evident. The coefficient of correlation 
between stem thickness and total length has been determined. In the 
Le part of F, is r= 0,123 + 0,056 and in the Ie part r= 0,258 + 0,085. 
These results, too, make it probable that thickness of stem to a certain © 


TABLE III. Total length of plants in parents and F, of crosses I + II. 

















Total length of plants in cm. | 

Material ob- eo awe Total | 

Year| olo;/e/S/a}s/8|]& | =|] & | number | 

served ws ~ | a =“ = Sal _ mm N N 

| | | | | | | | | | | of plants | 

sleielale/s/sjs|sls | 

Crosses I+-II| 1919} —|—|}|—/}—|—|]—]—]|— = age | 

Ragunda- | 

142 =| 2 eee! e]—|-j}-!|-!| os | 
0234 —} 1/14/23; 8})—]—/]—/—|—-— 46 

) OP | 

l.-part ae at ee ee ee: 

L,-part —|—| 3] 30} 53 | 65 | 70 | 45 | 32 | 13 311 | 

F, : total 18 | 53 | 41 | 39 | 57 | 65 | 70 | 45 | 32 | 13 433 | 









































degree influences the height of stem, but not enough to explain the 
great transgressions in this respect. (The mode of segregation in total 
length within each part of F, cannot be determined by the numbers 
obtained). It seems very probable that the difference which causes 
the great transgression in total length is the different number of 
internodes. Unfortunately, the number of internodes was not deter- 
mined, but there was a great variation and undoubtedly segregation 
in this character in F,. (An attempt at getting hold of the number 
of internodes by dividing total length by average internode length 
failed to give results, only indicating the great variation in internode 
number). Wuire discusses in his collective work on genetics in peas 
(WuiTrE 1917) the problem and seems to be inclined to doubt the 
interpretation of K. & P. He says (I. c. pag. 546): »Hence it seems 
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to me that T stands not for thickness of stem, but as a factor for 
large number of internodes.» In fact, this view is strongly supported 
by the results in our crosses I + II and III. 

There might be a correlation between stem thickness and inter- 
node number, but certain facts make this very little probable.. 
Wuire’s statement (I. c.) that all dwarfs known to him have few 
internodes but many of them thick stem, shows that there can be no 
general physiological correlation between the two characters, but it 
does not exclude gametic coupling. Certain facts (e. g. the total 
absence of correlation between stem thickness and the quotient total 
length/internode length) which cannot be in detail discussed here, 
make it, as far as we can see, rather improbable that such coupling 
occurs in the crosses here recorded. 

Beyond the already mentioned weak and doubtful correlation 
between stem thickness and internode length, caused by the internode 
lengthening effect of T, there is another, far more marked, correlation 
between the two characters. If the coefficient of correlation between 
stem thickness and internode length is determined for the whole F, 
in crosses I + II and III it will prove to be: in crosses I + II r= 0,223 
+ 0,010, in cross III r= 0,255 + 0,043. Thus r is 5,5 or 6 times its own 
standard error and the existence of a correlation can not be doubted. 
This correlation may also be demonstrated as a difference in the 
average stem thickness between the Le and the le part of F2. In 
crosses I + II the average stem thickness in the le part is 3,68 + 0,048 
and in the Le part 4,03 + 0,040 and thus the difference is 0,40 + 0,062. 
In cross III the corresponding numbers are 4,46 + 0,082; 4,94 + 0,046 
and 0,48 + 0,095. The differences being 5 or 6 times their own standard 
errors they must be of real significance. As the crosses are Tle X tLe 
the correlation here demonstrated cannot be due to gametic coupling, 
between T and Le, which would have caused a negative correlation 
in this respect. The explanation must be either that Le is coupled 
with another factor that increases the thickness of stem, or that 
L. itself has this effect. 

The results hitherto obtained as regards the inheritance of stature 
in peas may, in our opinion, be summarized thus: 1) The length of 
internodes is mainly determined by one factor, Le whose dominant 
state produces long internodes. Other factors, however, genetically 
modify the length of internodes, but it is not known how many or 
which those factors are. That the factor (factors?) for thick stem 
may influence the length of internodes, cannot be denied. This in- 
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fluence, however, is not great enough to be the single cause of the 
transgressions in internode length, observed in the crosses here re- 
corded. 2) Stem thickness may, as stated by KEEBLE and PELLEw, 
be mainly determined by one factor, T, whose dominant state pro- 
duces thick stem. The results obtained in the crosses here recorded 
neither confirm nor contradict this view. The stem thickness is 
further influenced by Le or by a factor coupled with Le; Le or the 
other factor has an increasing effect upon stem thickness. 3) As to 
the height of stem it is, as already known, a compound character. 
Great influence upon plant highness is naturally caused by Le and 
also to a smaller degree by the factors that influence internode length. 
It may be true that the factor (factors?) for stem thickness to some 
degree influences the length of internode and thus the height of stem, 
but this influence is to small to explain the difference in height 
between e. g. a semi-dwarf pea and a tall one, both being of the 
constitution Le. It seems to us, in agreement with Wuire, that the 
number of internodes to a high degree influences the height of stem. 
As to the genotypical basis of the number of internodes. our results 
allow no conclusions. 4) The factor for internode length, Le, the 
main factors for stem thickness and for internode number seem to 
segregate independently, as far as they are involved in the crosses 
here recorded. 


THE PLACE OF THE FIRST FLOWER. 


In respect to the number of sterile nodes there is a great varia- 
tion between different lines of pease. Pure lines are cultivated here 
at Svalof with an average of 6—7 sterile nodes and further lines with 
nearly every average number, up to such lines that have 24—25 
sterile nodes. In different years the number of sterile nodes may 
vary a little in the same line, but on the whole the character is well 
fixed. In all four crosses here recorded this character has been 
involved, and the results reached are given in table IV. In crosses III 
and IV the monohybrid segregation is evident. In cross III there 
may be some doubt as to the calculation of the two minimum classes, 
viz. 12 and 13. If, however, the curves are drawn, it will be seen 
that at least the main part of the 12 class belongs to the left curve, 
the 13 class to the right curve. Thus segregation occurs in 386 with 
high and 136 with low number of sterile nodes, corresponding, after 
3:1 ratio, to an expected segregation in 391,5: 130, and D/m = 
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5,50/9,89 = 0,56. In cross IV the 9 class may be calculated as low, the 
10 class as high number of internodes. Then segregation occurs in 
93 : 25, corresponding to an expected segregation in 88,5: 29,5 and 
D/m = 4,5/4,74 = 0,95. Hence it is certain that in those two crosses 
a factor, in the following called Sn, has been involved, which in its 
dominant state increases the number of sterile nodes below the first 
flower. The two crosses being between quite different parents there 
is no certainty that it is the same factor that in both crosses controls 


TABLE IV. Number of sterile nodes in parents and F, of crosses I—IV. 
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the number of sterile nodes, but until more is known about the matter, 
there is no use introducing more than one factor into the factorial 
formula of Pisum. 

In crosses I + II there is a faint mintmum in the 12 class, but it 
is impossible to know how to calculate the individuals in this and the 
neighbouring classes. The place of the minimum, however, indicates 
monohybrid segregation in this cross, too. The different mode of 
segregation in crosses I + II and III is with certainty due to the diffe- 
rent years in which the F,:s.are grown. 

The mode of inheritance of sterile nodes is far from being analy- 
sed by the statement of monohybrid segregation in two or three 
cases. No account is given for the occurrence of pure lines with 
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different numbers of sterile nodes, from lines with 6—7 and up to 
lines with 24—25. v. Usiscu (1921) has recorded an analogous case 
in Hordeum, where a great many lines with small differences in the 
length of beard are found, but where a cross between two extreme 
lines gives monohybrid segregation. In order to explain this she 
suggests a series of multiple allelomorphs with small differences 
between different members of the series in the power of »lengthening 
of beard». An analogous explanation might be used in the case here 
discussed. The existence of polymeric factors (NILSSON-EHLE) must, 
however, be remembered, and moreover the fact, often pointed out 
e. g. by JOHANNSEN, that a factor does not work isolated but together 
with the whole complex of factors in the zygote. Therefore it seems 
somewhat unnecessary to suggest multiple allelomorphs and _ varia- 
tion of valence in cases, where the known segregation phenomena may 
be explained in another way. 


CORRELATIONS BETWEEN NUMBER OF STERILE 
NODES AND OTHER CHARACTERS. 


The correlation between earliness of flowering and ripening and 
a low number of sterile nodes has already been pointed out (TEDIN 
1897). It may only be added that in no line cultivated here at 
Sval6f a breaking of this correlation has been observed. The state- 
ment of great number of sterile nodes as a dominant character coin- 
cides well with the fact, pointed out by different authors, that lateness 
dominates earliness in pease. 

In cross III (the only cross in which each plant may be classi- 
ficated in respect both to Le and to Sn) the segregation in SpLe : Sale: 
SnLe : Snle is 290: 106: 96 : 30, corresponding to an expected segrega- 
tion — after 9:3:3:1 ratio — in 293,62 + 11,33 : 97,88 + 8,92 : 97,88 + 
8,92 : 32,62 + 5,53 and thus in all four combinations the difference is 
less than the standard error. Hence there is no sign of coupling 
between Le and Sn. A 

Between thickness of stem and number of sterile nodes there is, 
however, a marked correlation. In crosses I+ II the coefficient of 
correlation between those two characters is r= 0,375 + 0,03. In cross 
III r= 0,208 + 0,042, in cross IV r= 0,351 + 0,081. Thus, r being from 
4*/, up to 10 times its own standard error, there is no doubt that low 
number of sterile nodes is correlated with thin stem. As to the nature 
of this correlation nothing is with certainty known, it may be a 
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physiological correlation or a case of gametic coupling. Further in- 
vestigations may, perhaps, throw light upon the nature of the 
correlation. 

The investigation has been carried out as part of the breeding 
work of the Swedish Seed Association. 

Sval6f, May 1923. 
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ERRATA. 


In the paper on seed coat colour (TEDIN 1923) three printer’s errors appeared, 
which here are corrected: 
Pag. 35 line 13 from above stands: (3.—-4.) Should be: (3—4) 
>» 40 » 4 » ~ below » 34 » > 2A 
» 41° » » » » : (TSCHERMAR’S L1 » » : (TSCHERMAR’S I.1) 
und L2) und Le. 
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